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1. 

IDENTIFICATION OF VIRULENCE 
ASSOCATED REGIONS RD1 AND RIDS 
LEADING TO IMPROVEVACCNE OF M. 

BOVES BCG AND M. MICROTI 

This is a division of application Ser. No. 10/510,021, filed 
Oct. 1, 2004, no U.S. Pat. No. 7,883,712, which is a National 
Stage of International Application No. PCT/IB03/01789 
under 35 U.S.C. S371, all of which are incorporated herein by 
reference. 

Virulence associated regions have been sought for a long 
time in Mycobacterium. The present invention concerns the 
identification of 2 genomic regions which are shown to be 
associated with a virulent phenotype in Mycobacteria and 
particularly in M. tuberculosis. It concerns also the fragments 
of said regions. 
One of these two regions known as RD5 is disclosed in 

Molecular Microbiology (1999), vol. 32, pages 643 to 655 
(Gordon S. V. et al.). The other region named RD1-2F9 spans 
the known region RD1 as disclosed in Molecular Microbiol 
ogy (1999), Vol. 32, pages 643 to 655 (Gordon S. V. et al.). 
Both of the regions RD1 and RD5 or at least one of them are 
absent from the vaccine strains of M. bovis BCG and in M. 
microti, strains found involved and used as live vaccines in the 
196O’S. 

Other applications which are encompassed by the present 
invention are related to the use of all or part of the said regions 
to detect virulent strains of Mycobacteria and particularly M. 
tuberculosis in humans and animals. The region RD1-2F9 
and RD5 are considered as virulence markers under the 
present invention. 
The recombinant Mycobacteria and particularly M. bovis 

BCG after modification of their genome by introduction of all 
or part of RD1-2F9 region and/or RD5 region in said genome 
can be used for the immune system of patients affected with 
a cancer as for example a bladder cancer. 
The present invention relates to a strain of M. bovis BOG or 

M. microti, wherein said strain has integrated all or part of the 
region RD1-2F9 responsible for enhanced immunogenicity 
to the tubercle bacilli, especially the genes encoding the 
ESAT-6 and CFP-10 antigens. These strains will be referred 
to as the M. bovis BCG::RD1 or M. microti::RD1 strains and 
are useful as a new improved vaccine for prevention of tuber 
culosis infections and for treating Superficial bladder cancer. 

Mycobacterium bovis BCG (bacille Calmette-Guérin) has 
been used since 1921 to prevent tuberculosis although it is of 
limited efficacy against adult pulmonary disease in highly 
endemic areas. Mycobacterium microti, another member of 
the Mycobacterium tuberculosis complex, was originally 
described as the infective agent of a tuberculosis-like disease 
in voles (Microtus agrestis) in the 1930's (Wells, A. Q. 1937. 
Tuberculosis in wild voles. Lancet 1221 and Wells, A. Q. 
1946. The murine type of tubercle bacillus. Medical Research 
council special report series 259:1-42.). Until recently, M. 
microti Strains were thought to be pathogenic only for Voles, 
but not for humans and some were even used as a live-vaccine. 
In fact, the vole bacillus proved to be safe and effective in 
preventing clinical tuberculosis in a trial involving roughly 
10,000 adolescents in the UK in the 1950's (Hart, P. D.a., and 
I. Sutherland: 1977. BCG and Vole bacillus vaccines in the 
prevention of tuberculosis inadolescence and early adult life. 
British Medical Journal 2:293-295). At about the same time, 
another strain, OV166, was successfully administered to half 
a million newborns in Prague, former Czechoslovakia, with 
out any serious complications (Sula, L., and I. Radkovsky. 
1976. Protective effects of M. microti vaccine against tuber 
culosis. J. Hyg. Epid. Microbiol. Immunol. 20:1-6). M. 
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2 
microti vaccination has since been discontinued because it 
was no more effective than the frequently employed BCG 
vaccine. As a result, improved vaccines are needed for pre 
venting and treating tuberculosis. 
The problem for attempting to ameliorate this live vaccine 

is that the molecular mechanism of both the attenuation and 
the immunogenicity of BCG is still poorly understood. Com 
parative genomic studies of all six members of the M. tuber 
culosis complex have identified more than 140 genes, whose 
presence is facultative, that may confer differences in pheno 
type, host range and virulence. Relative to the genome of the 
paradigm strain, M. tuberculosis H37RV (S. T. Cole, et al., 
Nature 393, 537 (1998)), many of these genes occur in chro 
mosomal regions that have been deleted from certain species 
(RD1-16, RVD1-5), M. A. Behr, et al., Science 284, 1520 
(1999); R. Brosch, et al., Infection Immun. 66, 2221 (1998); 
S. V. Gordon, et al., Molec Microbiol 32, 643 (1999); H. 
Salmon, et al. Genome Res 10, 2044 (2000), G. G. Mahairas 
etal, J. Bacteriol. 178, 1274 (1996) and R. Brosch, et al., Proc 
Natl AcadSci USA99, 3684 (2002). 

In connection with the invention and based on their distri 
bution among tubercle bacilli and potential to encode Viru 
lence functions, RD1, RD7 and RD9 (FIG. 1A, B) were 
accorded highest priority for functional genomic analysis 
using “knock-ins of M. bovis BCG to assess their potential 
contribution to the attenuation process. Clones spanning 
these RD regions were selected from an ordered M. tubercu 
losis H37RV library of integrating shuttle cosmids T. Cole, et 
al, Nature 393,537 (1998) and W. R. Bange, etal, Tuber. Lung 
Dis. 79, 171 (1999)), and individually electroporated into 
BCG Pasteur, where they inserted stably into the attB site (M. 
H. Lee, at al., Proc. Natl. Acad. Sci. USA 88, 3111 (1991)). 
We have uncovered that only reintroduction of all or part of 

RD1-2F9 led to profound phenotypic alteration. Strikingly, 
the BCG::RD1 “knock-in” grew more vigorously than BCG 
controls in immuno-deficient mice, inducing extensive sple 
nomegaly and granuloma formation. 
RD1 is restricted to the avirulent strains M. bovis BCG and 

M. microti. Although the endpoints are not identical, the 
deletions have removed from both vaccine strains a cluster of 
six genes (Rv3871-Rv3876) that are part of the ESAT-6 locus 
(FIG. 1A (S. T. Cole, et al., Nature 393, 537 (1998) and F. 
Tekaia, et al., Tubercle Lung Disease 79,329 (1999)). 
Among the missing products are members of the mycobac 

terial PE (Rv3872), PPE (Rv3873), and ESAT-6 (Rv3874, 
Rv3875) protein families. Despite lacking obvious secretion 
signals, ESAT-6 (Rv3875) and the related protein CFP-10 
(Rv3874), are abundant components of short term culture 
filtrate, acting as immunodominant T-cell antigens that 
induce potent Th1 responses (F. Tekaia, et al., Tubercle Lung 
Disease 79,329 (1999); A. L. Sorensen, et al., infect Immun. 
63, 1710 (1995) and R. Colangelli, et al., Infect. Immun. 68, 
990 (2000)). 

In summary, we have discovered that the restoration of 
RD1-2F9 to M. bovis BCG leads to increased persistence in 
immunocompetent mice. The M. bovis BCG::RD1 strain 
includes RD1-specific immune responses of the Th1-type, 
has enhanced immunogenicity and confers better protection 
than M. bovis BCG alone in animal models of tuberculosis. 
The M. bovis BCG::RD1 vaccine is significantly more viru 
lent than M. bovis BCG in immunodeficient mice but consid 
erably less virulent than M. tuberculosis. 

In addition, we show that M. microti lacks a different but 
overlapping part of the RD1 region (RD1") to M. bovis BCG 
and our results indicate that reintroduction of RD1-2F9 con 
fers increased virulence of BCG::RD1 in immunodeficient 
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mice. The rare strains of M. microti that are associated with 
human disease contain a region referred to as RD5" whereas 
those from Voles do not. 

M. bovis BCG vaccine could be improved by reintroducing 
other genes encoding ESAT-6 family members that have been 
lost, notably, those found in the RD8 and RD5 loci of M. 
tuberculosis. These regions also code for additional T-cell 
antigens. 

M. bovis BCG::RD1 could be improved by reintroducing 
the RD8 and RD5 loci of M. tuberculosis. 

M. bovis BCG vaccine could be improved by reintroducing 
and overexpressing the genes contained in the RD1, RD5 and 
RD8 regions. 

Accordingly, these new strains, showing greater persis 
tence and enhanced immunogenicity, represent an improved 
vaccine for preventing tuberculosis and treating bladder can 
C. 

In addition, the greater persistence of these recombinant 
strains is an advantage for the presentation of other antigens, 
for instance from HIV in humans and in order to induce 
protection immune responses. Those improved strains may 
also be of use in Veterinary medicine, for instance in prevent 
ing bovine tuberculosis. 

DESCRIPTION 

Therefore, the present invention is aimed at a strain of M. 
bovis BCG or M. microti, wherein said strain has integrated 
all or part of the RD1-2F9 region as shown in SEQID No 1 
responsible for enhanced immunogenicity to the tubercle 
bacilli. These strains will be referred to as the M. bovis BCG: 
RD1 or M. microti::RD1 Strains. 

In connection with the invention, “part or all of the RD1 
2F9 region' means that the strain has integrated a portion of 
DNA originating from Mycobacterium tuberculosis or any 
virulent member of the Mycobacterium tuberculosis complex 
(M. africanum, M. bovis, M. Canettii), which comprises at 
least one, two, three, four, five, or more gene(s) selected from 
Rv3861 (SEQ ID No 4), Rv3862 (SEQ ID No 5), Rv3863 
(SEQID No 6), Rv3864 (SEQID No. 7), Rv3865 (SEQID No 
8), Rv3866 (SEQID No 9), Rv3867 (SEQID No 10), Rv3868 
(SEQID No 11), Rv3869 (SEQID No 12), Rv3870 (SEQID 
No 13), Rv3871 (SEQ ID No. 14), Rv3872 (SEQ ID No 15, 
mycobacterial PE), Rv3873 (SEQID No 16, PPE), Rv3874 
(SEQID No 17, CFP-10), Rv3875 (SEQID No 18, ESAT-6), 
Rv3876 (SEQID No. 19), Rv3877 (SEQID No. 20), Rv3878 
(SEQID No 21), Rv3879 (SEQID No 22), Rv3880 (SEQID 
No 23), Rv3881 (SEQID No. 24), Rv3882 (SEQID No 25), 
Rv3883 (SEQ ID No. 26), Rv3884 (SEQ ID No. 27) and 
Rv3885 (SEQID No. 28). The expression “aportion of DNA” 
means also a nucleotide sequence or a nucleic acid or a 
polynucleotide. The expression “gene' is referred herein as 
the coding is sequence in frame with its natural promoter as 
well as the coding sequence which has been isolated and 
framed with an exogenous promoter, for example a promoter 
capable of directing high level of expression of said coding 
Sequence. 

In a specific aspect, the invention relates to a strain of M. 
bovis BCG or M. microti wherein said strain has integrated at 
least one, two, three or more gene(s) selected from RV3867 
(SEQID No 10), Rv3868 (SEQID No 11), Rv3869 (SEQID 
No 12), Rv3870 (SEQID No 13), Rv3871 (SEQID No. 14), 
Rv3872 (SEQ ID No 15, mycobacterial PE), Rv3873 (SEQ 
ID No 16, PPE), Rv3874 (SEQ ID No 17, CFP-10), Rv3875 
(SEQ ID No 18, ESAT-6), Rv3876 (SEQ ID No 19) and 
Rv3877 (SEQID No. 20). 
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4 
In another specific aspect, the invention relates to a strain of 

M. bovis BCG or M. microti herein said strain has integrated 
at least one, two, three or more gene(s) selected from RV3871 
(SEQID No. 14), Rv3872 (SEQID No 15, mycobacterial PE), 
Rv3873 (SEQ ID No 16, PPE), Rv3874 (SEQ ID No 17, 
CFP-10), Rv3875 (SEQ ID No 18, ESAT-6) and Rv3876 
(SEQID No. 19). 

Preferably, a strain according to the invention is one which 
has integrated a portion of DNA originating from Mycobac 
terium tuberculosis or any virulent member of the Mycobac 
terium tuberculosis complex (M. africanum, M. bovis, M. 
canetti), which comprises at least four genes selected from 
Rv3861 (SEQ ID No 4), Rv3862 (SEQ ID No 5), Rv3863 
(SEQID No 6), Rv3864 (SEQID No. 7), Rv3865 (SEQID No 
8), Rv3866 (SEQID No 9), Rv3867 (SEQID No 10), Rv3868 
(SEQID No 11), Rv3869 (SEQID No 12), Rv3870 (SEQID 
No 13), Rv3871 (SEQ ID No. 14), Rv3872 (SEQ ID No 15, 
mycobacterial PE), Rv3873 (SEQID No 16, PPE), Rv3874 
(SEQID No 17, CFP-10), Rv3875 (SEQID No 18: ESAT-6), 
Rv3876 (SEQID No. 19), Rv3877 (SEQID No. 20), Rv3878 
(SEQID No 21), Rv3879 (SEQID No 22), Rv3880 (SEQID 
No 23), Rv3881 (SEQID No. 24), Rv3882 (SEQID No 25), 
Rv3883 (SEQ ID No. 26), Rv3884 (SEQ ID No. 27) and 
Rv3885 (SEQID No 28), provided that it comprises Rv3874 
(SEQ ID No 17, CFP-10) and/or Rv3875 (SEQ ID No 18, 
ESAT-6). 

Strains which have integrated a portion of DNA originating 
from Mycobacterium tuberculosis or any virulent member of 
the Mycobacterium tuberculosis complex (M. africanum, M. 
bovis, M. canettii) comprising at least Rv3871 (SEQID No 
14), Rv3875 (SEQID No 18, ESAT-6) and Rv3876 (SEQID 
No 19) or at least Rv3871 (SEQID No. 14), Rv3875 (SEQID 
No 18, ESAT-6) and Rv3877 (SEQ ID No. 20) or at least 
Rv3871 (SEQID No. 14), Rv3875 (SEQID No 18, ESAT-6), 
Rv3876 (SEQID No 19) and Rv3877 (SEQID No. 20) are of 
particular interest. 
The above Strains according to the invention may further 

comprise Rv3874 (SEQID No 17, CFP-10), Rv3872 (SEQ 
ID No 15, mycobacterial PE) and/or Rv3873 (SEQID No 16, 
PPE). In addition, it may further comprise at least one, two, 
three or four gene(s) selected from Rv3861 (SEQID No 4), 
Rv3862 (SEQ ID No 5), Rv3863 (SEQ ID No 6), Rv3864 
(SEQID No. 7), Rv3865 (SEQID No.8), Rv3866 (SEQID No 
9), Rv3867 (SEQ ID No 10), Rv3868 (SEQ ID No 11), 
Rv3869 (SEQID No 12), Rv3870 (SEQID No. 13), Rv3878 
(SEQID No 21), Rv3879 (SEQID No 22), Rv3880 (SEQID 
No 23), Rv3881 (SEQID No. 24), Rv3882 (SEQID No 25), 
Rv3883 (SEQ ID No. 26), Rv3884 (SEQ ID No. 27) and 
Rv3885 (SEQID No. 28). 
The invention encompasses Strains which have integrated a 

portion of DNA originating from Mycobacterium tuberculo 
sis or any virulent member of the Mycobacterium tuberculo 
sis complex (M. africanum, M. bovis, M. Canettii), which 
comprises Rv3875 (SEQ ID No 18, ESAT-6) or Rv3874 
(SEQ ID No 17, CFP-10) or both Rv3875 (SEQ ID No. 18, 
ESAT-6) and Rv3874 (SEQID No 17, CFP-10). 

These genes can be mutated (deletion, insertion or base 
modification) so as to maintain the improved immunogenic 
ity while decreasing the virulence of the strains. Using routine 
procedure, the man skilled in the art can select the M. bovis 
BCG::RD1 or M. microti::RD1 strains, in which a mutated 
gene has been integrated, showing improved immunogenicity 
and lower virulence. 
We have shown here that introduction of the RD1-2F9 

region makes the vaccine strains induce a more effective 
immune response against a challenge with M. tuberculosis. 
However, this first generation of constructs can be followed 
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by other, more fine-tuned generations of constructs as the 
complemented BCG::RD1 vaccine strain also showed a more 
virulent phenotype in severely immune-compromised 
(SCID) mice. Therefore, the BCG::RD1 constructs may be 
modified so as to be applicable as vaccine strains while being 
safe for immune-compromised individuals. The term “con 
struct” means an engineered gene unit, usually involving a 
gene of interest that has been fused to a promoter. 

In this perspective, the man skilled in the art can adapt the 
BCG::RD1 strain by the conception of BCG vaccine strains 
that only early parts of the genes coding for ESAT-6 or CFP 
10 in a mycobacterial expression vector (for example pSM81) 
tinder the control of a promoter, more particularly an hsp60 
promoter. For example, at least one portion of the esat-6 gene 
that codes for immunogenic 20-mer peptides of ESAT-6 
active as T-cell epitopes (Mustafa AS. Oftung F. Amoudy H 
A, Madi N. M. Abal A T. Shaban F. Rosen Krands I, & 
Andersen P. (2000) Multiple epitopes from the Mycobacte 
rium tuberculosis ESAT-6 antigen are recognized by antigen 
specific human T cell lines. Clin Infect Dis. 30 Suppl3:S201 
5, peptides P1 to P8 are incorporated herein in the 
description) could to be cloned into this vector and electropo 
rated into BCG, resulting in a BCG strain that produces these 
epitopes. 

Alternatively, the ESAT-6 and CFP-10 encoding genes (for 
example on plasmid RD1-AP34 and or RD1-2F9) could be 
altered by directed mutagenesis (using for example 
QuikChange Site-Directed Mutagenesis Kit from Stratagen) 
in a way that most of the immunogenic peptides of ESAT-6 
remain intact, but the biological functionality of ESAT-6 is 
lost. 

This approach could result in a more protective BCG vac 
cine without increasing the virulence of the recombinant 
BCG Strain. 

Therefore, the invention is also aimed at a method for 
preparing and selecting M. bovis BCG or M. microti recom 

SEO ID No 3: 
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6 
binant, strains comprising a step consisting of modifying the 
M. bovis BCG::RD1 or M. microti::RD1 Strains as defined 
above by insertion, deletion or mutation in the integrated RD1 
region, more particularly in the esat-6 or CFP-10 gene, said 
method leading to strains that are less virulent for immuno 
depressed individuals. Together, these methods would allow 
to explain what causes the effect that we see with our BCG: 
RD1 strain (the presence of additional T-cell epitopes from 
ESAT-6 and CFP10 resulting in increased immunogenicity) 
or whether the effect is caused by better fitness of the recom 
binant BCG::RD1 clones resulting in longer exposure time of 
the immune system to the vaccine—or by a combinatorial 
effect of both factors. 

In a preferred embodiment, the invention is aimed at the M. 
bovis BCG::RD1 strains, which have integrated a cosmid 
herein referred to as the RD1-2F9 and RD1-AP34 contained 
in the E. coli strains deposited on Apr. 2, 2002 at the CNCM 
(Institut Pasteur, 25, rue du Docteur Roux, 75724 Paris cedex 
15, France) under the accession number I-2831 and I-2832 
respectively. The RD1-2F9 is a cosmid comprising the por 
tion of the Mycobacterium tuberculosis H37RV genome pre 
viously named RD1-2F9 that spans the RD1 region and con 
tains a gene conferring resistance to Kanamycin. The RD1 
AP34 is a cosmid comprising a portion of the Mycobacterium 
tuberculosis H37RV genome containing two genes coding for 
ESAT-6 and CFP-10 as well as a gene conferring resistance to 
Kinamycin. 
The cosmid RD1-AP34 contains a 3909 bp fragment of the 

M. tuberculosis H37RV genome from region 4350459 bp to 
4354367 bp that has been cloned into an integrating vector 
pKint in order to be integrated in the genome of Mycobacte 
rium bovis BCG and Mycobacterium microtistrains (SEQ II) 
No 3). The Accession No. of the segment 160 of the M. 
tuberculosis H37RV genome that contains this region is 
ALO22120. 

- gaattcc cat coagtgagtt Caaggt caag cqgcgcc.ccc ctggcc aggc atttct citc 

61 - togc.ca.gacg gcaaagaggit catcCaggcc cc ct acatcg agcct C caga agaagttgttc 

121 - go agcacccc caa.gc.gc.cgg ttaagatt at tt cattgc.cg gtgtag cagg accc.gagctic 

181 - agc.ccggtaa to agagttctgg gcaatgcta ccatcgggitt tdttitc.cggc tata accgaa 

241 - c.ggtttgttgt acgggataca aatacaggga gggaagaagt aggcaaatgg aaaaaatgtc. 

301 - acatgat cog at Cectaccg acattggcac goaagtgagc ga caacgctic tocacgg.cgt. 

361 - gacgg.ccggc ticga.cgg.cgic teacgt.cggit gaccgggctg gttc.ccg.cgg gagg.ccgatga 

421 - get Ctcc.gcc caag.cgg.cga cdgcgttcac at Cdgagggc at Ccaattgc taggott ccaa 

481 - tag catcqgcc caagaccago to Caccgtgc ggg.cgaag.cg gtc.caggacg togc.ccgcac 

541 - ctatt cdcaa at coacgacg gogcc.gc.cgg catctt cocc gaatagg.ccc ccaa.ca catc 

601 - 99 agggagtg at Caccatcc tdtggcacqc aatgccacco dagctaaata cc.gcacggct 

661 - gatgg.ccggc gcdd.dtic.cgg ct coaatgct tcc.gg.cggcc gcdd.datggc adacgcttitc 

721 - gcc.gct Ctg gacgcticagg ccgt.cgagtt gaccgc.gc.gc ctdaactCtc taggagaa.gc 

781 - Ctgdactgga gotggcagog acaagg.cgct tcc.ggctd.ca acgc.cgatgg togtctggct 

841 - acaaaccocq to alacacadd ccaadacccd td.cgatgcad gcdacgg.cgc aag.ccgcdgc 

901 - atacacccag gocatggcca coacgc.cgt.c gctg.ccggag atcgcc.gc.ca accacatcac 

961 - cc aggcc.gtic ctitacggc.ca ccaactitctt cogitat caac acqatc.ccga ticgc.gttgac 





3 481 

3541 

3661 

3721 

3781 

3841 

3901 

ccaccc.cgat 

Cactggcggit 

aaggc.cggcg 

gaa.gc.cgc.cc 

aatcaac citg 

cc.gcaatccc 

alaccacgctg 

ggctictaga 

9 

ttagcc.gc.cc 

cgt.cgcc.gca 

gccaaggggc 

aaagtggtgt 

ggcctgtcac 

cgcgggtC9t 

acagcagcgt. 
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- Continued 
alacatgcc.gc 

agcgtgcagc 

cgalaggtgaa 

cgcagcgcgg 

ccgacgagaa 

atcagat cqc 

tgggg.tc.gac 

pos. 0001-0006 EcoRI-restriction site 
pos. 0286-0583 RV3872 coding for a PE-Protein (SEQ II) No 
15) 
pos. 0616-1720 Rv3873 coding for a PPE-Protein (SEQ ID 
No 16) 
pos. 1816-2115 Rv3874 coding for Culture Filtrat protein 10 
kD (CFP10) (SEQID No. 17) 

Gene Gene 
Name length 

Ry3861 324 

Ry3862 348 
c-whiB6 

Ry3863 1176 

Rv3864 12O6 

Ry386S 309 

Ry3866 849 

Ry3867 549 

Ry3868 1719 

Ry3869 1440 

Ry3870 2241 

Ry3871 1773 

Ry3876 1998 

Ry3877 1533 

Ry3878 840 

ggcgcaacct 

gcc.ggat.ctic 

galaggtgaag 

Ctggcgacat 

gtacgagctg 

cgt.cgt.cggit 

gttggct cag 

gattcaatta 

gacgcgacac 

cc ccagaaac 

tgggtgcatg 

gacctgcacg 

Ctcaaaggtg 

15 

cggcc.gcaac 

agaaatcCtt 

cgaaggccac 

ct cagt cc.g 

gggctggcaa. 

accoggat.cct 

10 

pos. 2151-2435 RV3875 coding for Early Secreted Antigen 
Target 6 kD (ESAT6) (SEQ ID No. 18) 
pos. 3903-3609 Xbal-restriction site 
pos. 1816-2435 CFP-10 gene+esat-6 gene (SEQID No 29). 

These sequences can be completed with the Rv3861 to 
Rv3871, and Rv3876 to Rv3885 as referred in Table 1 below. 

Accesion number Loc (kb) in 
in NCBI Bank M. 

Protein Gene NC = gene tuberculosis 
length type NP = protein H37Ry 

108 CDS 4337.95 

116 CDS 4338.52 

392 CDS 4338.85 

402 CDS 4340.27 

103 CDS 4341.57 

283 CDS 4341.88 

183 CDS NC OOO962 4342.77 
NP 218384 

573 CDS NC OOO962 4343.3 
NP 218385 

480 CDS NC OOO962 4345.04 
NP 218386 

747 CDS NC OOO962 4346.48 
NP 218387 

591 CDS NC OOO962 4348.83 
NP 218388 

666 CDS NC OOO962 4353.01 
NP 218393 

511 CDS NC OOO962 43SS.O1 
NP 218394 

280 CDS NC OOO962 4356.69 

tuberculosis 
H37Ry 

4337946 . . . 
4338269 
compl 

4338174 . . . 
43.38521 

4338849. . . 
434.0024 

434O270. . . 
4341475 

4341566 . . . 
4341874 

4341880 . . . 
43.42728 

4342767 . . . 
43.43318 

4343.311 . . . 
4345032 

4345036 . . . 
4346478 

4346478 . . . 
4348721 

4348824 . . . 
4350599 

43S3007 . . . 
4355.007 

43SSOO4. . . 
4356539 

4356693 . . . 
4357532 

Coordinates in Molecular 
Mycobacterium mass of 

protein 
(Dalton) 

11643.42 

12792.38 

41087.44 

42068.66 

10618.01 

3OO64.04 

1994SS2 

6.2425.40 

S1092.58 

80912.76 

64560.65 

S3981.12 

27395.23 

Description 

hypothetical 
protein 
possible 
transcriptional 
regulatory 
protein whiB 
ike Whi36 
hypothetical 
alanine rich 
protein 
COSEWe 

hypothetical 
protein 
COSEWe 

hypothetical 
protein 
COSEWe 

hypothetical 
protein 

COSEWe 

protein 
COSEWe 

proline and 
alanine rich 
protein 
probable 
conserved 
transmembrane 
protein 
conserved 
hypothetical 
alanine rich 
protein 
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-continued 

Accesion number Loc (kb) in Coordinates in Molecular 
in NCBI Bank M. Mycobacterium mass of 

Gene Gene Protein Gene NC = gene tuberculosis tuberculosis protein 
Name length length type NP = protein H37Ry H37Ry (Dalton) Description 

Rv3879c 21.87 729 CDS NC OOO962 4359.78 compl. 74492.13 hypothetical 
4357.596 . . . alanine and 
4359782 proline rich 

protein 
Rv388Oc 345 115 CDS NC OOO962 4360.SS compl. 12167.51 conserved 

436O2O2. . . hypothetical 
436OS46 protein 

Rv3881c. 380 460 CDS NC OOO962 4361.92 compl. 47593.62 conserved 
436OS46. . . hypothetical 
4361925 alanine and 

glycine rich 
protein 

Rv3882c 386 462 CDS NC OOO962 4363.42 compl. 50396.58 possible 
4362O35 . . . conserved 
436342O membrane 

protein 
Rv3883c. 338 446 CDS NC OOO962 4364.76 compl. 45085.89 possible 

436342O. . . secreted 
4364757 brotease 

Rv3884c. 857 619 CDS NC OOO962 4366.84 compl. 68040.97 probable 
4364982. . . CBXX/CFQX 
43.66838 amily protein 

Ry388.Sc 611 537 CDS NC OOO962 4368.52 compl. 57637.95 possible 
4366911 . . . conserved 
4368521 membrane 

protein 

The sequence of the fragment RD1-2F9 (-32 kb) covers 30 CFP-10), Rv3875 (SEQ ID No 18, ESAT-6), Rv3876 (SEQ 
the region of the M. tuberculosis genome AL 123456 from ca 
4337 kb to ca. 4369 kb, and also contains the sequence 
described in SEQ ID No 1. Therefore, the invention also 
embraces M. bovis BCG::RD1 strain and M. microti::RD1 
strain which have integrated the sequence as shown in SEQ 
ID No. 1. 
The above described strains fulfill the aim of the invention 

which is to provide an improved tuberculosis vaccine or M. 
bovis BCG-based prophylactic or therapeutic agent, or a 
recombinant M. microti derivative for these purposes. 
The above described M. bovis BCG::RD1 Strains are better 

tuberculosis vaccines than M. bovis BCG. These strains can 
also be improved by reintroducing other genes found in the 
RD8 and RD5 loci of M. tuberculosis or any virulent member 
of the Mycobacterium tuberculosis complex (M. africanum, 
M. bovis, M. canettii). These regions code for additional 
T-cell antigens. 
As indicated, overexpressing the genes contained in the RD1, 
RD5 and RD8 regions by means of exogenous promoters is 
encompassed by the invention. The same applies regarding 
M. microti:RD1 strains. M. microti strains could also be 
improved by reintroducing the RD8 locus of M. tuberculosis 
or any virulent member of the Mycobacterium tuberculosis 
complex (M. africanum, M. bovis, M. Canettii). 

In a second embodiment, the invention is directed to a 
cosmid or a plasmid, more commonly named vectors, com 
prising all or part of the RD1-2F9 region originating from 
Mycobacterium tuberculosis or any virulent member of the 
Mycobacterium tuberculosis complex (M. africanum, M. 
bovis, M. canettii), said region comprising at least one, two, 
three or more gene(s) selected from RV3861 (SEQID No 4), 
Rv3862 (SEQ ID No 5), Rv3863 (SEQ ID No 6), Rv3864 
(SEQID No. 7), Rv3865 (SEQID No.8), Rv3866 (SEQID No 
9), Rv3867 (SEQ ID No 10), Rv3868 (SEQ ID No 11), 
Rv3869 (SEQID No 12), Rv3870 (SEQID No. 13), Rv3871 
(SEQID No. 14), Rv3872 (SEQID No 15, mycobacterial PE), 
Rv3873 (SEQ ID No 16, PPE), Rv3874 (SEQ ID No 17, 
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ID No 19), Rv3877 (SEQ ID No. 20), Rv3878 (SEQ ID No 
21), Rv3879 (SEQ ID No. 22), Rv3880 (SEQ ID No. 23), 
Rv3881 (SEQID No. 24), Rv3882 (SEQID No 25), Rv3883 
(SEQID No. 26), Rv3884 (SEQID No. 27) and Rv3885 (SEQ 
ID No 28). The term “vector” refers to a DNA molecule 
originating from a virus a bacteria, or the cell of a higher 
organism into which another DNA fragment of appropriate 
size can be integrated without loss of the vectors Capacity for 
self-replication; a vector introduces foreign DNA into host 
cells, where it can be reproduced in large quantities. 
Examples are plasmids, cosmids, and yeast artificial chromo 
Somes; vectors are often recombinant molecules containing 
DNA sequences from several sources. 

Preferably, a cosmid or a plasmid of the invention com 
prises a part of the RD1-2F9 region originating from Myco 
bacterium tuberculosis or any virulent member of the Myco 
bacterium tuberculosis complex (M. africanum, M. bovis, M. 
canettii), said part comprising at least one, two, three or more 
gene(s) selected from Rv3867 (SEQ ID No 10), Rv3868 
(SEQID No 11), Rv3869 (SEQID No 12), Rv3870 (SEQID 
No 13), Rv3871 (SEQ ID No. 14), Rv3872 (SEQ ID No 15, 
mycobacterial PE), Rv3873 (SEQID No 16, PPE), Rv3874 
(SEQID No 17, CFP-10), Rv3875 (SEQID No 18, ESAT-6), 
Rv3876 (SEQID No 19) and Rv3877 (SEQID No. 20). 

Preferably, a cosmid or a plasmid of the invention com 
prises a part of the RD1-2F9 region originating from Myco 
bacterium tuberculosis or any virulent member of the Myco 
bacterium tuberculosis complex (M. africanum, M. bovis, M. 
canettii), said part comprising at least one, two, three or more 
gene(s) selected from Rv3872 (SEQID No 15, mycobacterial 
PE), Rv3873 (SEQID No 16, PPE), Rv3874 (SEQID No 17, 
CFP-10), Rv3875 (SEQ ID No 18, ESAT-6) and Rv3876 
(SEQID No. 19). 

Preferably, a cosmid or a plasmid of the invention com 
prises CFP-10, ESAT-6 or both or a part of them. It may also 
comprise a mutated gene selected CFP-10, ESAT-6 or both, 
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said mutated gene being responsible for the improved immu 
nogenicity and decreased virulence. 
A cosmid or a plasmid as mentioned above may comprise 

at least four genes selected from RV3861 (SEQ ID No 4), 
Rv3862 (SEQ ID No 5), Rv3863 (SEQ ID No 6), Rv3864 
(SEQID No. 7), Rv3865 (SEQID No.8), Rv3866 (SEQID No 
9), Rv3867 (SEQ ID No 10), Rv3868 (SEQ ID No 11), 
Rv3869 (SEQID No 12), Rv3870 (SEQID No. 13), Rv3871 
(SEQID No. 14), Rv3872 (SEQID No 15, mycobacterial PE), 
Rv3873 (SEQ ID No 16, PPE), Rv3874 (SEQ ID No 17, 
CFP-10), Rv3875 (SEQ ID No. 18: ESAT-6), Rv3876 (SEQ 
ID No. 19), Rv3877 (SEQ ID No. 20), Rv3878 (SEQ ID No 
24), Rv3879 (SEQ ID No 22), Rv3880 (SEQ ID No. 23), 
Rv3881 (SEQID No. 24), Rv3882 (SEQID No 25), Rv3883 
(SEQID No. 26), Rv3884 (SEQID No. 27) and Rv3885 (SEQ 
ID No 28), provided that it comprises Rv3874 (SEQID No 
17, CFP-10) and/or Rv3875 (SEQID No. 18, ESAT-6) 

Advantageously, a cosmid or a plasmid of the invention 
comprises a portion of DNA originating from Mycobacte 
rium tuberculosis or any virulent member of the Mycobacte 
rium tuberculosis complex (M. africanum, M. bovis, M. 
canettii), which comprises at least Rv3871 (SEQID No. 14), 
Rv3875 (SEQID No 18, ESAT-6) and Rv3876 (SEQ ID No 
19) or at least Rv3871 (SEQID No. 14), Rv3875 (SEQID No 
18, ESAT-6) and Rv3877 (SEQID No 20) or at least Rv3871 
(SEQID No. 14), Rv3875 (SEQID No 18, ESAT-6), Rv3876 
(SEQ ID No. 19) and Rv3877 (SEQ ID No 20). 
The above cosmids or plasmids may, further comprise 

Rv3872 (SEQID No 15, mycobacterial PE) Rv3873 (SEQID 
No 16, PPE) Rv3874 (SEQ ID No 17, CFP-10). It may also 
further comprise at least one, two, three or four gene(s) 
selected from Rv3861 (SEQID No. 4), Rv3862 (SEQID No 
5), Rv3863 (SEQID No 6), Rv3864 (SEQID No. 7), Rv3865 
(SEQID No.8), Rv3866 (SEQID No 9), Rv3867 (SEQID No 
10), Rv3868 (SEQ ID No 11), Rv3869 (SEQ ID No 12), 
Rv3870 (SEQID No. 13), Rv3878 (SEQID No. 21), Rv3879 
(SEQID No 22), Rv3880 (SEQID No. 23), Rv3881 (SEQID 
No 24), Rv3882 (SEQID No 25), Rv3883 (SEQID No. 26), 
Rv3884 (SEQID No 27) and Rv3885 (SEQID No. 28). 
Two particular cosmids of the invention are the cosmids 

herein referred as RD1-2F9 and RD1-AP34 contained in the 
E. coli strains deposited at the CNCM (Institut Pasteur, 25, 
rue du Docteur Roux, 75724 Paris cedex 15, France) under 
the accession number 1-2831 and 1-2832 respectively. 
A particular plasmid or cosmid of the invention is one 

which has integrated the complete RD1-2F9 region as shown 
in SEQID No 1. 
The invention also relates to the use of these cosmids or 

plasmids for transforming M. bovis BCG or M. microti 
strains. 
As indicated above, these cosmids or plasmids may com 

prise a mutated gene selected from RV3861 to Rv3885, said 
mutated gene being responsible for the improved immunoge 
nicity and decreased virulence. 

In another embodiment, the invention embraces a pharma 
ceutical composition comprising a strain as depicted above 
and a pharmaceutically acceptable carrier. 

In addition to the strains, these pharmaceutical composi 
tions may contain Suitable pharmaceutically-acceptable car 
riers comprising excipients and auxiliaries which facilitate 
processing of the living vaccine into preparations which can 
be used pharmaceutically. Further details on techniques for 
formulation and administration may be found in the latest 
edition of Remington's Pharmaceutical Sciences (Maack 
Publishing Co., Easton, Pa.). 

Preferably, such composition is suitable for oral, intrave 
nous or Subcutaneous administration. 
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14 
The determination of the effective dose is well within the 

capability of those skilled in the art. A therapeutically effec 
tive dose refers to that amount of active ingredient, i.e the 
number of strains administered, which ameliorates the Symp 
toms or condition. Therapeutic efficacy and toxicity may be 
determined by standard pharmaceutical procedures in experi 
mental animals, e.g., ED50 (the dose therapeutically effective 
in 50% of the population) and LD50 (the dose lethal to 50% 
of the population). The dose ratio of toxic to therapeutic 
effects is the therapeutic index, and it can be expressed as the 
ratio, LD50/ED50. Pharmaceutical compositions which 
exhibit large therapeutic indices are preferred. Of course, 
ED50 is to be modulated according to the mammal to be 
treated or vaccinated. In this regard, the invention contem 
plates a composition Suitable for human administration as 
well as Veterinary composition. 
The invention is also aimed at a vaccine comprising a M. 

bovis BCG::RD1 or M. microti::RD1 strain as depicted above 
and a suitable carrier. This vaccine is especially useful for 
preventing tuberculosis. It can also be used for treating blad 
der cancer. 
The M. bovis BCG::RD1 or M. microti::RD1 Strains are 

also useful as a carrier for the expression and presentation of 
foreign antigens or molecules of interest that are of therapeu 
tic or prophylactic interest. Owing to its greater persistence, 
BCG::RD1 will present antigens to the immune system over 
a longer period thereby inducing stronger, more robust 
immune responses and notably protective responses. 
Examples of Such foreign antigens can be found in patents 
and patent applications U.S. Pat. No. 6,191,270 for antigen 
LSA3, U.S. Pat. No. 6,096,879 and U.S. Pat. No. 5,314,808 
for HBV antigens, EP201,540 for HIV-1 antigens, U.S. Pat. 
No. 5,986,051 for H. pyloriantigens and FR 2,744,724 for P 
falciparum MSP-1 antigen. 
The invention also concerns a product comprising a strain 

as depicted above and at least one protein selected from 
ESAT-6 and CFP-10 or epitope derived thereof for a separate, 
simultaneous or sequential use for treating tuberculosis. 

In still another embodiment, the invention concerns the use 
of a M. bovis BCG::RD1 or M. microti::RD1 Strain as 
depicted above for preventing or treating tuberculosis. It also 
concerns the use of a M. bovis BCG::RD1 or M. microti::RD1 
strain as a powerful adjuvant/immunomodulator used in the 
treatment of superficial bladder cancer. 
The invention also contemplates the identification at the 

species level of members of the M. tuberculosis complex by 
means of an RD-based molecular diagnostic test. Inclusion of 
markers for RD1" and RD5" would improve the tests and 
act as predictors of virulence, especially in humans. 

In this regard, the invention concerns a diagnostic kit for 
the identification at the species level of members of the M. 
tuberculosis complex comprising DNA probes and primers 
specifically hybridizing to a DNA portion of the RD1 or RD5 
region of M. tuberculosis, more particularly probes hybridiz 
ing under stringent conditions to a gene selected from 
Rv3871 (SEQID No. 14), Rv3872 (SEQID No. 15, mycobac 
terial PE), Rv3873 (SEQ ID No 16, PPE), Rv3874 (SEQ ID 
No 17, CFP-10), Rv3875 (SEQ ID No 18, ESAT-6), and 
Rv3876 (SEQID No 19), preferably CFP-10 and ESAT-6. 
As used herein, the term “stringent conditions” refers to 

conditions which permit hybridization between the probe 
sequences and the polynucleotide sequence to be detected. 
Suitably stringent conditions can be defined by, for example, 
the concentrations of salt or formamide in the prehybridiza 
tion and hybridization solutions, or by the hybridization tem 
perature, and are well known in the art. In particular, strin 
gency can be increased by reducing the concentration of salt, 
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increasing the concentration of formamide, or raising the 
hybridization temperature. The temperature range corre 
sponding to a particular level of stringency can be further 
narrowed by calculating the purine to pyrimidine ratio of the 
nucleic acid of interest and adjusting the temperature accord 
ingly. Variations on the above ranges and conditions are well 
known in the art. 
Among the preferred primers, we can cite: 

primer esat- 6F 
(SEQ ID No. 32) 

GTCACGTCCATTCATTCCCT, 

primer esat-6R 
(SEQ ID No. 33) 

ATCCCAGTGACGTTGCCTT) , 

primer RD1" flanking region F 
(SEQ ID No. 34) 

GCAGTGCAAAGGTGCAGATA, 

primer RD1" flanking region R 
(SEQ ID No 35) 

GATTGAGACACTTGCCACGA 

primer RD5" flanking region F 
(SEQ ID No. 39) 

GAATGCCGACGTCATATCG, 

primer RD5" flanking region R 
(SEQ ID NO 4O) 

CGGCCACTGAGTTCGATTAT. 

The present invention covers also the complementary 
nucleotide sequences of said above primers as well as the 
nucleotide sequences hybridizing under Stringent conditions 
with them and having at least 20 nucleotides and less than 500 
nucleotides. 

Diagnostic fits for the identification at the species level of 
members of the M. tuberculosis complex comprising at least 
one, two, three or more antibodies directed to mycobacterial 
PE, PPE, CFP-10, ESAT-6, are also embraced by the inven 
tion. 

Preferably, such kit comprises antibodies directed to CFP 
10 and ESAT-6. 
As used herein, the term “antibody” refers to intact mol 

ecules as well as fragments thereof, such as Fab, F(ab').sub.2, 
and Fv, which are capable of binding the epitopic determi 
nant. Probes or antibodies can be labeled with isotopes, fluo 
rescent or phosphorescent molecules or by any other means 
known in the art. 
The invention also relates to virulence markers associated 

with RD1 and/or RD5 regions of the genome of M. tubercu 
losis or a part of these regions. 
The invention is further detailed below and will be illus 

trated with the following figures. 

FIGURE LEGENDS 

FIG. 1: M. bovis BCG and M. microti have a chromosomal 
deletion, RD1, spanning the cfp10-esat6 locus. 

(A) Map of the cfp10-esat6 region showing the six possible 
reading frames and the M. tuberculosis H37RV gene predic 
tions. This map is also available at: genolist-pasteur.fr/Tuber 
culist/. 
The deleted regions are shown for BCG and M. microti 

with their respective H37RV genome coordinates and the 
extent of the conserved ESAT-6 locus (F. Tekaia, et al., 
Tubercle Lung Disease 79, 329 (1999)), is indicated by the 
gray bar. 
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(B) Table showing characteristics of deleted regions 

selected for complementation analysis. Potential virulence 
factors and their putative functions disrupted by each deletion 
are shown. The coordinates are for the M. tuberculosis H37RV 
genome. 

(C) Clones used to complement BCG. Individual clones 
spanning RD1 regions (RD1-1 106 and RD1-2F9) were 
selected from an ordered M. tuberculosis genomic library 
(R.B. unpublished) in pYUB412 (S. T. Cole, et al., Nature 
393,537 (1998) and W. R. Bange, F. M. Collins, W. R. Jacobs, 
Jr., Tuber: Lung Dis. 79, 171 (1999)) and electroporated into 
M. bovis BCG strains, or M. microti. Hygromycin-resistant 
transformants were verified using PCR specific for the corre 
sponding genes. p.AP35 was derived from RD1-2F9 by exci 
sion of an AA fragment pAP34 was constructed by subclon 
ing an EcoRI-Xbal fragment into the integrative vector 
pKINT. The ends of each fragment are related to the BCG 
RD1 deletion (shaded box) with black lines and the H37RV 
coordinates for the other fragment ends given in kilobases. 

(D) Immunoblot analysis, using an ESAT-6 monoclonal 
antibody, of whole cell protein extracts from log-phase cul 
tures of (well n° 1) H37Rv (S.T. Cole, et al., Nature 393,537 
(1998)), (n° 2) BCG::pYUB412 (M. A. Behr, et al., Science 
284, 1520 (1999)), (n-3) BCG::RD14106 (R. Brosch; et al., 
Infection Immun. 66,2221 (1998)), (n°4) BCG::RD1-2F9 (S. 
V. Gordon, et al., Molec Microbiol 32, 643 (1999)), (n5) M. 
bovis (H. Salamonetal, Genome Res 10, 2044 (2000)), (n-6) 
Mycobacterium Smegmatis (G. G. Mahairas, et al., J. Bacte 
riol. 178, 1274 (1996)), (n°7) M. smegmatis::pyUB412, and 
(n 8) M. Smegmatis::RD1-2F9 (R. Brosch, et al., Proc Natl 
AcadSci USA99, 3684. (2002)). 

FIG. 2: Complementation of BCG Pasteur with the RD1 
region alters the colony morphology and leads to accumula 
tion of Rv3873 and ESAT-6 in the cell wall. 

(A) Serial dilutions of 3 week old cultures of BCG:: 
pYUB412, BCG:1106 or BCG::RD1-2F9 growing on 
Middlebrook 7H10 agar plates. The white square shows the 
area of the plate magnified in the image to the right. 

(B) Light microscope image at fifty fold magnification of 
BCG::pYUB412 and BCG::RD1-2F9 colonies. 5ul drops of 
bacterial Suspensions of each strain were spotted adjacently 
onto 7H10 plates and imaged after 10 days growth, illumi 
nating the colonies through the agar. 

(C) Immunoblot analysis of different cell fractions of 
H37RV obtained from cvmbs.colostate.edu/microbiology/tb/ 
ResearchMA.html using either an anti-ESAT6 antibody or 

(D) anti-Rv3873 (PPE) rabbit serum. H37Rv and BOG 
signify whole cell extracts from the respective bacteria and 
Cyt, Mem and CW correspond to the cytosolic, membrane 
and cell wall fractions of M. tuberculosis H37RV. 

FIG. 3: Complementation of BCG Pasteur with the RD1 
region increases bacterial persistence and pathogenicity in 

1CC. 

(A) Bacteria in the spleen and lungs of BALB/c mice 
following intravenous (i.v.) infection via the lateral tail vein 
with 10° colony forming units (cfu) of M. tuberculosis H37RV 
(black) or 107 cfu of either BCG::pYUB412 (lightgrey) or 
BCG::RD1-I106 (grey). 

(B) Bacterial persistence in the spleen and lungs of 
C57BL/6 mice following infection with 10 cfu of BCG: 
pYUB412 (light grey), BCG::RD1-I106 (middle grey) or 
BCG::RD1-2F9 (darkgrey): 

(C) Bacterial multiplication after i.v. infection with 10 cfu 
of BCG::pYUB412 (lightgrey) and BCG::RD1-2F9 (grey) in 
severe combined immunodeficiency mice (SCID). For A, B, 
and C each timepoint is the mean of 3 to 4 mice and the error 
bars represent standard deviations. 



US 8,747,866 B2 
17 

(D) Spleens from SCID mice three weeks after i.v. infec 
tion with 10° cfu of either BCG::pYUB412, BCG::RD1-2F9 
or BCG:I301 (an RD3 “knock-in, FIG. 1B). The scale is in 
C. 

FIG. 4: Immunization of mice with BCG::RD1 generates 
marked ESAT-6 specific T-cell responses and enhanced pro 
tection to a challenge with M. tuberculosis. 

(A) Proliferative response of splenocytes of C57BL/6 mice 
immunized subcutaneously (s.c.) with 10 CFU of BCG: 
pYUB412 (open squares) or BCG::RD1-2F9 (solid squares) 
to in vitro stimulation with various concentrations of syn 
thetic peptides from poliovirus type 1 capsid protein VP1, 
ESAT-6 or Ag85A (K. Huygen, et al., Infect. Immun. 62,363 
(1994), L. Brandt, J. Immunol. 157, 3527 (1996) and C. 
Leclerc et al., J. Virol. 65, 711 (1991)). 

(B) Proliferation of splenocytes from BCG::RD1-2F9-im 
munised mice in the absence or presence of 10 ug/ml of 
ESAT-61-20 peptide, with or without 1 lug/ml of anti-CD4 
(GK1.5) or anti-CD8 (H35-17-2) monoclonal antibody. 
Results are expressed as mean and standard deviation of 
H-thymidine incorporation from duplicate wells. 
(C) Concentration of IFN-Y in culture supernatants of sple 

nocytes of C57BL/6 mice stimulated for 72 h with peptides or 
PPD after s.c. or i.v. immunization with either BCG: 
pYUB412 (middle grey and white) or BCG::RD1-2F9 (light 
grey and black). Mice were inoculated with either 10 (white 
and lightgrey) or 10 (middle grey and black) cfu. Levels of 
IFN-Y were quantified using a sandwich ELISA (detection 
limit of 500 pg/ml) with the mabs R4-6A2 and biotin-con 
jugated XMG 1.2. Results are expressed as the mean and 
standard deviation of duplicate culture wells. 

(D) Bacterial counts in the spleen and lungs of vaccinated 
and unvaccinated BALB/c mice 2 months after an i.v. chal 
lenge with M. tuberculosis H37RV. The mice were challenged 
2 months after i.v. inoculation with 10° cfu of either BCG: 
pYUB412 or BCG::RD1-2F9. Organ homogenates for bac 
terial enumeration were plated on 7H11 medium, with or 
without hygromycin, to differentiate M. tuberculosis from 
residual BCG colonies. Results are expressed as the mean and 
standard deviation of 4 to 5 mice and the levels of significance 
derived using the Wilcoxon rank sum test. 

FIG. 5: Mycobacterium microti strain OV254 BAC map 
(BAC clones named MIXXX, where XXX is the identifica 
tion number of the clone), overlaid on the M. tuberculosis 
H37Rv (BAC clones named RVXXX, where XXX is the 
identification number of the clone) and M. bovis AF2122/97 
(BAC clones named MbXXX, where XXX is the identifica 
tion number of the clone) BAC maps. The scale bars indicate 
the position on the M. tuberculosis genome. 

FIG. 6: Difference in the region 4340-4360kb between the 
deletion in BCG RD1* (A) and in M. microti RD1" (C) 
relative to M. tuberculosis H37Rv (B). 

FIG. 7: Difference in the region 3121-3127 kb between M. 
tuberculosis H37RV. (A) and M. microti OV254 (B). Gray 
boxes picture the direct repeats (DR), black ones the unique 
numbered spacer sequences. * spacer sequence identical to 
the one of spacer 58 reported by van Embden et al. (42). Note 
that spacers 33-36 and 20-22 are not shown because H37RV 
lacks these spacers. 

FIG. 8: A) Asel PFGE profiles of various M. microtistrains: 
Hybridization with a radiolabeled B) esat-6 probe; C) probe 
of the RD1" flanking region; D) plcA probe. 1. M. bovis 
AF2122/97, 2. M. canetti, 3. M. bovis BCG Pasteur, 4. M. 
tuberculosis H37RV, 5. M. microti OV254, 6. M. microti Myc 
94-2272, 7. M. microti B3 type mouse, 8. M. microti B4 type 
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mouse, 9. M. microti B2 type llama, 10. M. microti B1 type 
llama, 11. M. microti ATCC 35782. M: Low range PFGE 
marker (NEB). 

FIG. 9: PCR products obtained from various M. microti 
strains using primers that flank the RD1" region, for ampli 
fying ESAT-6 antigen, that flank the MiD2 region. 1. M. 
microti B1 type llama, 2. M. microti B4 type mouse, 3. M. 
microti B3 type mouse, 4. M. microti B2 type llama, 5. M. 
microti ATCC35782, 6. M. microti OV254, 7. M. microti Myc 
94-2272:8. M. tuberculosis H37RV. 

FIG.10: Map of the M. tuberculosis H37Rv RD1 genomic 
region. Map of the fragments used to complement BCG and 
M. microti (black) and the genomic regions deleted from 
different mycobacterial strains (grey). The middle part show 
key genes, putative promoters (P) and transcripts, the various 
proteins from RD1 region, their sites (number of amino acid 
residues), InterPro domains ebi.ac.uk/interpro/, membership 
of M. tuberculosis protein families from Tuberculist geno 
list.pasteur.fr/Tuberculist/. The dashed lines mark the extent 
of the RD1 deletion in BCG, M. microti and M. tuberculosis 
clinical isolate MT56 (Brosch, R., et al. A new evolutionary 
scenario for the Mycobacterium tuberculosis complex. Proc 
Natl AcedSci USA99, 3684-9. (2002)). M. bovis AF2122/97 
is shown because it contains aframeshift mutation in RV3881, 
a gene flanking the RD1 region of BCG. The fragments are 
drawn to show their ends in relation to the genetic map, unless 
they extend beyond the genomic region indicated.pRD1-2F9. 
pRD1-I106 and paP35 are based on pYUB312; pAP34 on 
pKINT: pAP47 and paP48 on pSM81. 

FIG.11: Western blot analysis of various RD1 knock-ins of 
M. bovis BCG and M. microti. The left panel sows results of 
immunodetection of ESAT-6, CFP-10 and PPE68 (Rv3873) 
in whole cells lysates (WCL) and culture supernatants of 
BCG: the center panel displays the equivalent findings from 
M. microti and the right panel contains M. tuberculosis 
H37RV control samples. Samples from mycobacteria trans 
formed with the following plasmids were present in lanes: -, 
pYUB412 vector control: 1, p.AP34; 2, p.AP35;3, RD1-I106, 
4, RD1-2F9. The positions of the nearest molecular weight 
markers are indicated. 

FIG. 12: Analysis of immune responses induced by BCG 
recombinants. A. The upper three panels display the results of 
splenocyte proliferation assays in response to stimulation in 
vitro with a peptide from MalE (negative control), to PPD or 
to a peptide containing an immunodominant CD4-epitope 
from ESAT-6. B. The lower panel shows IFN-(production by 
splenocytes in response to the same antigens. Symbols indi 
cate the nature of the various BCG transformants. Samples 
were taken from C57BL 16 mice immunized subcutaneously. 

FIG. 13: Further immunological characterization of 
responses to BCG::RD1-2F9 A, Proliferative response of 
splenocytes of C57BL/6 mice immunized subcutaneously 
(s.c.) with 10 CFU of BCG::pYUB412 or BCG::RD1-2F9 to 
in vitro stimulation with various concentrations of synthetic 
peptides from poliovirus type 1 capsid protein VP1 (negative 
control), ESAT-6 or Ag85A (see Methods for details). B. 
Proliferation of splenocytes from BCG::RD1-2F9 immu 
nized mice in the absence or presence of ESAT-61-20 pep 
tide, with or without anti-CD4 or anti-CD8 monoclonal anti 
body. Results are expressed as mean and standard deviation of 
H-thymidine incorporation from duplicate wells. C, Con 
centration of IFN-(in culture supernatants of splenocytes of 
C57BL/6 mice stimulated for 72 h with peptides or PPD after 
s.c. or i.v. immunization with either BCG::py UB412 or 
BCG::RD1-2F9. Mice were inoculated with either 10° or 107 
CFU. Results are expressed as the mean and standard devia 
tion of duplicate culture wells. 
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FIG. 14: Mouse protection studies. A. Bacterial counts in 
the spleen and lungs of vaccinated and unvaccinated C57BU6 
mice 2 months after an i.V. challenge with M. tuberculosis 
H37RV. The mice were challenged 2 months after i.v. inocu 
lation with 10 cfu of either BCG::pyUB412 or BCG::RD1 
2F9. Organ homogenates for bacterial enumeration were 
plated on 7H11 medium, with or without hygromycin, to 
differentiate M. tuberculosis from residual BCG colonies. 
Results are expressed as the mean and standard deviation of 4 
mice. Hatched columns correspond to the cohort of unvacci 
nated mice, while white and black columns correspond to 
mice vaccinated with BCG::py UB412 and BCG::RD1-2F9, 
respectively. B. Bacterial counts in the spleen and lungs of 
vaccinated and unvaccinated C57BL6 mice after an aerosol 
challenge with 1000 CFUs of M. tuberculosis. All mice were 
treated with antibiotics for three weeks prior to infection with 
M. tuberculosis. Data are the mean and SE measured on 
groups of three animals, and differences between groups were 
analyzed using ANOVA (p<0.05, *p-0.01). 

FIG. 15: Guinea pig protection studies. A. Mean weight 
gain of vaccinated and unvaccinated guinea pigs following 
aerosol infection with M. tuberculosis H37RV. Guinea pigs 
were vaccinated with either saline (triangles), BCG (Squares) 
or BCG:RD1-2F9 (filled circles). The error bars are the stan 
dard error of the mean. Each time point represents the mean 
weight of six guinea pigs. For the saline vaccinated group the 
last live weight was used for calculating the means as the 
animals were killed on signs of severe tuberculosis which 
occurred after 50, 59, 71, 72.93 and 93 days. B. Mean bac 
terial counts in the spleen and lungs of vaccinated and unvac 
cinated guinea pigs after an aerosol challenge with M. tuber 
culosis H37RV. Groups of 6 guinea pigs were vaccinated 
subcutaneously with either saline, BCG or BCG::RD1-2F9 
and infected 56 days later. Vaccinated animals were killed 120 
days following infection and unvaccinated ones on signs of 
Suffering or significant weight loss. The error bars represent 
the standard error of the mean of six observations. C. Spleens 
of vaccinated guinea pigs 120 days after infection with M. 
tuberculosis H37RV; left, animal immunized with BCG, 
right, animal immunized with BCG::RD1-2F9. 

FIG. 16: Diagram of the M. tuberculosis H37RV genomic 
region showing a working model for biogenesis and export of 
ESAT-6 proteins. It presents a possible functional model indi 
cating predicted Subcellular localization and potential inter 
actions within the mycobacterial cell envelope. Rosetta stone 
analysis indicates direct interaction between proteins Rv3870 
and RV3871, and the sequence similarity between the N-ter 
minal domains of Rv3868 and RV3876 suggests that these 
putative chaperones might also interact. Rv3868 is a member 
of the AAA-family of ATPases that perform chaperone-like 
functions by assisting in the assembly, and disassembly of 
protein complexes (Neuwald, A.F., Aravind, L., Spouge, J. L. 
& Koonin, E. N. AAA+: A class of chaperone-like ATPases 
associated with the assembly, operation, and disassembly of 
protein complexes. Genome Res 9, 27-43. (1999).). It is strik 
ing that many type III Secretion systems require chaperones 
for stabilization of the effector proteins that they secrete and 
for prevention of premature protein-protein interactions 
(Page, A. L. & Parsot, C. Chaperones of the type III secretion 
pathway: jacks of all trades. Mol Microbiol46, 1-11. (2002).). 
Thus, Rv3868, and possibly Rv3876, may be required for the 
folding and/or dimerization of ESAT-6/CFP-10 proteins 
(Renshaw, P. S., et al. Conclusive evidence that the major 
T-cell antigens of the M. tuberculosis complex ESAT-6 and 
CFP-10 form a tight, 1:1 complex and characterization of the 
structural properties of ESAT-6, CFP-10 and the ESAT-6- 
CFP-10 complex: implications for pathogenesis and viru 
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lence. J Biol Chem 8, 8 (2002).), or even to prevent premature 
dimerization. ESAT-6/CFP-10 are predicted to be exported 
through a transmembrane channel, consisting of at least 
Rv3870, Rv3871, and Rv3877, and possibly Rv3869, in a 
process catalyzed by ATP-hydrolysis. Rv3873 (PPE 68) is 
known to occur in the cell envelope and may also be involved 
as shown herein. 

EXAMPLE 1. 

Preparation and Assessment of M. bovis BCG::RD1 
Strains as a Vaccine for Treating or Preventing 

Tuberculosis 

As mentioned above, we have found that complementation 
with RD1 was accompanied by a change in colonial appear 
ance as the BCG Pasteur “knock-in strains developed a 
strikingly different morphotype (FIG.2A). The RD1 comple 
mented Strains adopted a spreading, less-rugose morphology, 
that is characteristic of M. bovis, and this was more apparent 
when the colonies were inspected by light microscopy (FIG. 
2B). Maps of the clones used are shown (FIG. 1C). These 
changes were seen following complementation with all of the 
RD1 constructs (FIG. 1C) and on complementing M. microti 
(data not shown). Pertinently, Calmette and Guérin (A. Cal 
mette, La vaccination preventive contre la tuberculose. (Mas 
son et cie. Paris, 1927)) observed a change in colony mor 
phology during their initial passaging of M. bovis, and our 
experiments now demonstrate that this change, correspond 
ing to loss of RD1, directly contributed to attenuating this 
virulent strain. The integrity of the cell wall is known to be a 
key virulence determinant for M. tuberculosis (C. E. Barry, 
Trends Microbiol 9, 237 (2001)), and changes in both cell 
wall lipids (M. S. Glickman, J. S. Cox, W. R. Jacobs, Jr., Mol 
Cell 5, 717 (2000)) and protein (F. X. Berthet, et al., Science 
282, 759 (1998)) have been shown to alter colony morphol 
ogy and diminish persistence in animal models. 
To determine which genes were implicated in these mor 

phological changes, antibodies recognising three RD1 pro 
teins (Rv3873, CFP10 and ESAT-6) were used in immuno 
cytological and subcellular fractionation analysis. When the 
different cell fractions from M. tuberculosis were immunob 
lotted all three proteins were localized in the cell wall fraction 
(FIG. 2C) though significant quantities of Rv3873, a PPE 
protein, were also detected in the membrane and cytosolic 
fractions (FIG.2D). Using immunogold staining and electron 
Microscopy the presence of ESAT-6 in the envelope of M. 
tuberculosis was confirmed but no alteration in capsular ultra 
structure could be detected (data not shown). Previously, 
CFP-10 and ESAT-6 have been considered as secreted pro 
teins (F. X. Berthet etal, Microbiology 144,3195 (1998)) but 
our results suggest that their biological functions are linked 
directly with the cell wall: 

Changes incolonial morphology are often accompanied by 
altered bacterial virulence. Initial assessment of the growth of 
different BCG::RD1 “knock-ins’ in C57BL/6 or BALB/c 
mice following intravenous infection revealed that comple 
mentation did not restore levels of virulence to those of the 
reference strain M. tuberculosis H37RV (FIG.3A). In longer 
term experiments, modest yet significant differences were 
detected in the persistence of the BCG::RD1 "knock-ins' in 
comparison to BCG controls. Following intravenous infec 
tion of C57B116 mice, only the RD1 “knock-ins” were still 
detectable in the lungs after 106 days (FIG. 3B). This differ 
ence in virulence between the RD1 recombinants and the 
BCG vector control was more pronounced in severe com 
bined immunodeficiency (SCID) mice (FIG.3C). The BCG: 
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RD1-2F9 “knock-in” was markedly more virulent, as evi 
denced by the growth rate in lungs and spleen and also by an 
increased degree of splenomegaly (FIG. 3D). Cytological 
examination revealed numerous bacilli, extensive cellular 
infiltration and granuloma formation. These increases in viru 
lence following complementation with the RD1 region, dem 
onstrate that the loss of this genomic locus contributed to the 
attenuation of BCG. 
The inability to restore full virulence to BCG Pasteur was 

not due to instability of our constructs nor to the strain used 
(data not shown). Essentially identical results were obtained 
on complementing BCG Russia, a strain less passaged than 
BCG Pasteur and presumed, therefore, to be closer to the 
original ancestor (M. A. Behr, et al., Science 284, 1520 
(1999)). This indicates that the attenuation of BCG was a 
polymutational process and loss of residual virulence for 
animals was documented in, the late 1920s (T. Oettinger, etal, 
Tuber Lung Dis 79,243 (1999)). Using the same experimental 
strategy, we also tested the effects of complementing with 
RD3-5, RD7 and RD9 (S. T. Cole, et al., Nature 393, 537 
(1998); M.A. Behr, et al., Science 284, 1520 (1999); Brosch, 
et al., Infection Immun. 66, 2221 (1998) and S. V. Gordon et 
al., Molec Microbial 32, 643 (1999)) encoding putative viru 
lence factors (FIG. 1B). Reintroduction of these regions, 
which are not restricted to avirulent strains, did not affect 
virulence in immuno-competent mice. Although it is possible 
that deletion effects act synergistically it seems more plau 
sible that other attenuating mechanisms are at play. 

Since RD1 encodes at least two potent T-cell antigens (R. 
Colangelli, et al., Infect. Immun. 68,990 (2000), M. Harboe, 
et al., Infect. Immun. 66,717 (1998) and R. L. V. Skj(Ot, et al., 
Infect. Immun. 68,214 (2000)), we investigated whether its 
restoration induced immune responses to these antigens or 
even improved the protective capacity of BCG. Three weeks 
following either intravenous or Subcutaneous inoculation 
with BCG::RD1 or BCG controls, we observed similar pro 
liferation of splenocytes to an Ag85A (an antigenic BCG 
protein) peptide (K. Huygen, et al., Infect. Immun. 62, 363 
(1994)), but not against a control viral peptide (FIG. 4A). 
Moreover, BCG::RD1 generated powerful CD4" T-cell 
responses against the ESAT-6 peptide as shown by splenocyte 
proliferation (FIG. 4A, B) and strong IFN-Y production (FIG. 
4C). In contrast, the BCG::pyUB412 control did not stimu 
late ESAT-6 specific T-cell responses thus indicating that 
these were mediated by the RD1 locus. ESAT-6 is, therefore, 
highly immunogenic in mice in the context of recombinant 
BCG. 
When used as a subunit vaccine, ESAT-6 elicits T-cell 

responses and induces levels of protection weaker than but 
akin to those of BCG (L. Brandt et al. Infect. Immun. 68,791 
(2000)). Challenge experiments were conducted to determine 
if induction of immune responses to BCG::RD1-encoded 
antigens, such as ESAT-6, could improve protection against 
infection with M. tuberculosis. Groups of mice inoculated 
with either BCG::pYUB412 or BCG::RD1 were subse 
quently infected intravenously with M. tuberculosis H37RV. 
These experiments showed that immunization with the 
BCG::RD1 “knock-in' inhibited the growth of M. tuberculo 
sis within both BALB/c (FIG. 4D) and C57BL/6 mice when 
compared to inoculation with BCG alone. 

Although the increases in protection induced by BCG:: 
RD1 and the BCG control are modest they demonstrate con 
Vincingly that genetic differences have developed between 
the live vaccine and the pathogen which have weakened the 
protective capacity of BCG. This study therefore defines the 
genetic basis of a compromise that has occurred, during the 
attenuation process, between loss of virulence and reduced 
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protection (M.A. Behr, P. M. Small, Nature 389, 133 (1997)). 
The strategy of reintroducing, or even overproducing (M. A. 
Horwitzetal, Proc Natl AcadSci USA 91, 13853 (2000)), the 
missing immunodominant antigens of M. tuberculosis in 
BCG, could be combined with an immuno-neutral attenuat 
ing mutation to create a more efficacious tuberculosis vac 
C1G. 

EXAMPLE 2 

BAC Based Comparative Genomics Identifies 
Mycobacterium microti as a Natural ESAT-6 

Deletion Mutant 

We searched for any genetic differences between human 
and vole isolates that might explain their different degree of 
virulence and host preference and what makes the Vole iso 
lates harmless for humans. In this regard, comparative 
genomics methods were employed in connection with the 
present invention to identify major differences that may exist 
between the M. microti reference strain OV 254 and the 
entirely sequenced strains of M. tuberculosis H37RV (10) or 
M. bovis AF2122/97 (14). An ordered Bacterial Artificial 
Chromosome (BAC) library of M. microti OV254 was con 
structed and individual BAC to BAC comparison of a mini 
mal set of these clones with BAC clones from previously 
constructed libraries of M. tuberculosis H37RV and M. bovis 
AF2122/97 was undertaken. 

Ten regions were detected in M. microti that were different 
to the corresponding genomic regions in M. tuberculosis and 
M. bovis. To investigate if these regions were associated with 
the ability of M. microtistrains to infect humans, their genetic 
organization was studied in 8 additional M. microti Strains; 
including those isolated recently from patients with pulmo 
nary tuberculosis. This analysis identified some regions that 
were specifically absent from all tested M. microtistrains, but 
present in all other members of the M. tuberculosis complex 
and other regions that were only absent from vole isolates of 
M. microti. 
2.1 Materials and Methods 

Bacterial Strains and Plasmids. 
M. microti OV254 which was originally isolated from 

voles in the UK in the 1930s was kindly supplied by MJ 
Colston (45). DNA from M. microti OV216 and OV183 were 
included in a set of strains used during a multicenter study 
(26). M. microti Myc 94-2272 was isolated in 1988 from the 
perfusion fluid of a 41-year-old dialysis patient (43) and was 
kindly provided by L. M. Parsons. M. microti. 35782 was 
purchased from American Type Culture Collection (designa 
tion TMC 1608 (M. P. Prague)). M. microti B1 type llama, B2 
type llama, B3 type mouse and B4 type mouse were obtained 
from the collection of the National Reference Center for 
Mycobacteria. ForschungSZentrum Borstel, Germany. M. 
bovis strain AF2122/97, spoligotype 9 was responsible for a 
herd outbreak in Devon in the UK and has been isolated from 
lesions in both cattle and badgers. Typically, mycobacteria 
were grown on 7H9 Middlebrook liquid medium (Difico) 
containing 10% oleic-acid-dextrose-catalase (Difco), 0.2% 
pyruvic acid and 0.05% Tween 80. 

Library Construction, Preparation of BAC DNA and 
Sequencing Reactions. 

Preparation of agarose-embedded genomic DNA from M. 
microti strain OV 254, M. tuberculosis H37RV, M. bovis BCG 
was performed as described by Brosch et al. (5). The M. 
microti library was constructed by ligation of partially 
digested HindIII fragments (50-125 kb) into pBeloBAC11. 
From the 10,000 clones that were obtained, 2,000 were 
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picked into 96 well plates and stored at -80° C. Plasmid 
preparations of recombinant clones for sequencing reactions 
were obtained by pooling eight copies of 96 well plates, with 
each well containing an overnight culture in 250 ul 2YT 
medium with 12.5 ugml chloramphenicol. After 5 min 
centrifugation at 3000 rpm; the bacterial pellets were resus 
pended in 25 ul of solution A (25 mM Tris, pH 8.0, 50 mM 
glucose and 10 mM EDTA), cells were lysed by adding 25ul 
of buffer B (NaOH 0.2 M, SDS 0.2%). Then 20 ul of cold 3 M 
sodium acetate pH 4.8 were added and kept on ice for 30 min. 
After centrifugation at 3000 rpm for 30 min, the pooled 
supernatants (140 ul) were transferred to new plates. 130 ul of 
isopropanol were added, and after 30 min on ice, DNA was 
pelleted by centrifugation at 3500 rpm for IS min. The super 
natant was discarded and the pellet resuspended in 50 ul of a 
10 ug/ml RNAse A solution (in Tris 10 mM pH 7.5/EDTA 10 
mM) and incubated at 64° C. for 15 min. After precipitation 
(2.5 ul of sodium acetate 3 M pH 7 and 200 ul of absolute 
ethanol) pellets were rinsed with 200 ul of 70% ethanol, air 
dried and finally suspended in 20 ul of TE buffer. 

End-sequencing reactions were performed with a Taq 
Dyeleoxy Terminator cycle sequencing kit (Applied Biosys 
tems) using a mixture of 13 ul of DNA solution, 2 ul of Primer 
(2 uM) (SP6-BAC1, AGTTAGCTCACTCATTAGGCA 
(SEQ ID No. 15), or T7-BAC1, GGATGTGCTGCAAGGC 
GATTA (SEQID No 16)). 2.5ul of Big Dye and 2.5ul of a 5x 
buffer (50 mM MgCl, 50 mM Tris). Thermal cycling was 
performed on a PTC-100 amplifier (MJ Inc.) with an initial 
denaturation step of 60s at 95°C., followed by 90 cycles of 15 
s at 95°C., 15 s at 56°C., 4 min at 60° C. DNA was then 
precipitated with 80 ul of 76% ethanol and centrifuged at 
3000 rpm for 30 min. After discarding the supernatant, DNA 
was finally rinsed with 80 ul of 70% ethanol and resuspended 
in appropriate buffers depending on the type of automated 
sequencer used (ABI 377 or ABI 3700). Sequence data were 
transferred to Digital workstations and edited using the TED 
software from the Staden package (37). Edited sequences 
were compared against the M. tuberculosis H37RV database 
genolist.pasteur.fr/Tuberculist?, the M. bovis BLAST server 
sanger.ac.uk/Projects/M bovis/blast, and in-house databases 
to determine the relative positions of the M. microti OV254 
BAC end-sequences. 

Preparation of BAC DNA from Recombinants and BAC 
Digestion Profile Comparison. 
DNA for digestion was prepared as previously described 

(4). DNA (1 lug) was digested with HindIII (Boehringer) and 
restriction products separated by pulsed-field gel electro 
phoresis (PFGE) on a Biorad CHEF-DR III system using a 
1% (w/v)agarose geland a pulse of 3.5s for 17 hat 6V-cm'. 
Low-range PFGE markers (NEB) were used as size stan 
dards. Insert sizes were estimated after ethidium bromide 
staining and visualization with UV light. Different compari 
Sons were made with overlapping clones from the M. microti 
OV 254, M. bovis AF2122/97, and M. tuberculosis H37RV 
pBeloBAC11 libraries. 
PCR Analysis to Determine Presence of Genes in Different 

M. microti Strains. 
Reactions contained 5 ul of 10xPCR buffer (100 mM 

|B-mercaptoethanol, 600 mM Tris-HCl, pH 8.8, 20 mM 
MgCl, 170 mM (NHA)SO 20 mM nucleotide mix dNTP), 
2.5ul of each primer at 2 uM, 10 ng of template DNA, 10% 
DMSO and 0.5 unit of Taq polymerase in a final volume of 
12.5ul. Thermal cycling was performed on a PTC-100 ampli 
fier (MJ Inc.) with an initial denaturation step of 90s at 95°C., 
followed by 35 cycles of 45s at 95°C., 1 min at 60° C. and 2 
min at 72° C. 
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RFLP Analysis. 
In brief agarose plugs of genomic DNA prepared as pre 

viously described (5) were digested with either Asel, Dral or 
Xbal (NEB), then electrophoresed on a 1% agarose gel, and 
finally transferred to Hybond-C extra nitrocellulose mem 
branes (Amersham). Different probes were amplified by PCR 
from the M. microti Strain OV 254 or M. tuberculosis H37RV 
using primers for: 
esat-6 (esat-6F GTCACGTCCATTCATTCCCT (SEQID No 
17); 
esat-6R ATCCCAGTGACGTTGCCTT) (SEQID No. 18), 
the RD1" flanking region (4340,209F GCAGTGCAAAG 
GTGCAGATA (SEQ ID No 19): 4354,701R GATTGAGA 
CACTTGCCACGA (SEQID No. 20)), or 
plcA(plcA.int.F CAAGTTGGGTCTGGTCGAAT (SEQNo 
21); plcA.int.R GCTACCCAAGGTCTCCTGGT (SEQ ID 
No 22)). Amplification products were radio-labeled by using 
the Stratagene Prime-It II kit (Stratagene). Hybridizations 
were performed at 65°C. in a solution containing NaCl 0.8 M, 
EDTA pH8.5 mM, sodium phosphate 50 mM pH 8, 2% SDS, 
1xDenhardt’s reagent and 100 ug/ml salmon sperm DNA 
(Genaxis). Membranes Were exposed to phosphorimager 
screens and images were digitalized by using a STORM 
phospho-imager. 
DNA Sequence Accession Numbers. 
The nucleotide sequences that flank MID1, MiD2, MiD3 

as well as the junction sequence of RD1" have been depos 
ited in the EMBL database. Accession numbers are 
AJ345005, AJ345006, AJ315556 and AJ315557, respec 
tively. 
2.2 Results 

Establishment of a Complete Ordered BAC Library of M. 
microti OV254. 

Electroporation of pBeloBAC 11 containing partial HindIII 
digests of M. microti OV 254 DNA into Escherichia coli 
DH10B yielded about 10,000 recombinant clones, from 
which 2,000 were isolated and stored in 96-well plates. Using 
the complete sequence of the M. tuberculosis H37RV genome 
as a scaffold, end-sequencing of 384 randomly chosen M. 
microti BAC clones allowed us to select enough clones to 
cover almost all of the 4.4Mb chromosome. A few rare clones 
that spanned regions that were not covered by this approach 
were identified by PCR screening of pools as previously 
described (4). This resulted in a minimal set of 50 BACs, 
covering over 99.9% of the M. microti OV254 genome, whose 
positions relative to M. tuberculosis H37RV are shown in FIG. 
5. The insert size ranged between 50 and 125 kb, and the 
recombinant clones were stable. Compared with other BAC 
libraries from tubercle bacilli (4, 13) the M. microti OV254 
BAC library contained clones that were generally larger than 
those obtained previously, which facilitated the comparative 
genomics approach, described below. 

Identification of DNA Deletions in M. microti OV 254 
Relative to M. tuberculosis H37RV by Comparative Genom 
1CS 

The minimal overlapping set of 50 BAC clones, together 
with the availability of three other ordered BAC libraries from 
M. tuberculosis H37RV. M. bovis BCG Pasteur 1173P2 (5,13) 
and M. bovis AF2122/97 (14) allowed us to carry out direct 
BAC to BAC comparison of clones spanning the same 
genomic regions. Size differences of PFGE-separated Hin 
dIII restriction fragments from M. microti OV 254 BACs, 
relative to restriction fragments from M. bovis and/or M. 
tuberculosis BAC clones, identified loci that differed among 
the tested strains. Size variations of at least 2 kb were easily 
detectable and 10 deleted regions, evenly distributed around 
the genome, and containing more than 60 open reading 



US 8,747,866 B2 
25 

frames (ORFs), were identified. These regions represent over 
60 kb that are missing from M. microti OV254 strain com 
pared to M. tuberculosis H37RV. First, it was found that 
phiRv2 (RD11), one of the two M. tuberculosis H37RV 
prophages was present in M. microti OV254, whereas 
phiRV1, also referred to as RD3 (29) was absent. Second, it 
was found that M. microti lacks four of the genomic regions 
that were also absent from M. bovis BCG. In fact, these four 
regions of difference named RD7, RD8, RD9 and RD10 are 
absent from all members of the M. tuberculosis complex with 
the exception of M. tuberculosis and M. canettii, and seem to 
have been lost from a common progenitor strain of M. afri 
canum, M. microti and M. bovis (3). As such, our results 
obtained with individual BAC to BAC comparisons show that 
M. microti is part of this non-M. tuberculosis lineage of the 
tubercle bacilli, and this assumption was further confirmed by 
sequencing the junction regions of RD7-RD10 in M. microti 
OV 254. The sequences obtained were identical to those from 
M. africanum, M. bovis and M. bovis BCG strains. Apart from 
these four conserved regions of difference, and phiRV1 (RD3) 
M. microti OV254 did not show any other RDs with identical 
junction regions to M. bovis BCG Pasteur, which misses at 
least 17 RDs relative to M. tuberculosis H37Rv (1, 13, 35). 
However, five other regions missing from the genome of M. 
microti OV 254 relative to M. tuberculosis H37RV were iden 
tified (RD1", RD5", MiD1, MiD2, MiD3). Such regions 
are specific either for strain OV 254 or for M. microtistrains in 
general. Interestingly, two of these regions, RD1", RD5" 
partially overlap RDs from the M. bovis BCG. 

Antigens ESAT-6 and CFP-10 are Absent from M. microti. 
One of the most interesting findings of the BAC to BAC 

comparison was a novel deletion in a genomic region close to 
the origin of replication (FIG. 5). Detailed PCR and sequence 
analysis of this region in M. microti OV254 showed a segment 
of 14 kb to be missing (equivalent to M. tuberculosis H37RV 
from 4340.4 to 4354.5 kb) that partly overlapped RD1's 
absent from M. bovis BCG. More precisely, ORFs Rv3864 
and RV3876 are truncated in M. microti OV 254 and ORFs 
Rv3865 to Rv3875 are absent (FIG. 6). This observation is 
particularly interesting as previous comparative genomic 
analysis identified RD1* as the only RD region that is spe 
cifically absent from all BCG sub-strains but present in all 
other members of the M. tuberculosis complex (1, 4, 13, 29. 
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35). As shown in FIG. 6, in M. microti OV254 the RD1" 
deletion is responsible for the loss of a large portion of the 
conserved ESAT-6 family core region (40) including the 
genes coding for the major T-cell antigens ESAT-6 and CFP 
10 (2.15). The fact that previous deletion screening protocols 
employed primer sequences that were designed for the right 
hand portion of the RD18 region (i.e. gene Rv3878)(6,39) 
explains why the RD1" deletion was not detected earlier by 
these investigations. FIG. 6 shows that RD1" does not affect 
genes Rv3877, Rv3878 and Rv3879 which are part of the 
RD18 deletion. 

Deletion of Phospholipase-C Genes in M. microti OV254. 
RD5", the other region absent from M. microti OV254, 

that partially overlapped an RD region from BCG, was 
revealed by comparison of BAC clone Mil8A5 with BAC 
RV143 (FIG. 5). PCR analysis and sequencing of the junction 
region revealed that RD5" was smaller than the RD5 dele 
tion in BCG (Table 2 and 3 below). 

TABLE 2 

Description of the putative function of the deleted and 
truncated ORFs in M. microii OV254 

Region Start-End overlapping ORF Putative Function or family 

RD 10 264.5-266.5 RvO221-RvO223 echA1 
RD 3 1779.5-1788.5 Rv1573-Rv1586 bacteriophage proteins 
RD 7 2207.5-2220.5 Rv1964-Rv1977 yrbE3A-3B; mce3A-F: 

unknown 
RD 9 2330-2332 Rv2072-Rv2O75 cobL; probable 

oxidoreductase; unknown 
RD5” 2627.6-2633.4 Rv2348-Rv2352 plc A-C; member of PPE 

family 
MD1 3121.8-3126.6 Rv2816-Rv2819 IS6110 transposase: 

unknown 
MD2 3554.0-3755.2 Rv3187-Rv3190 IS6110 transposase: 

unknown 
MD3 3741.1-3755.7 Rv3345-Rv3349 members of the PE-PGRS 

and PPE families; insertion 
elements 

RD8 4056.8-4062.7 Rv3617-Rv3618 eph A; pgG; member of the 
PE-PGRS family 

RD1' 4340.4-4354.5 Rv3864-Rv3876 member of the CBXX/CF 
QX family; member of the 
PE and PPE families: 
ESAT-6; CFP10: unknown 

TABLE 3 

Sequence at the junction of the deleted regions in M. microti OV254 

Junction Position ORFs Sequences at the junction Flanking primers 

RD1ie 434 O 421 - Rv3864 - CAAGACGAGGTTGTAAAACCTCGACG 434 O. 209F (SEQ ID No. 19) 
(SEQ ID 4354, 533 Rv3876 CAGGATCGGCGATGAAATGCCAGTCG GCAGTGCAAAGGTGCAGATA 
No. 23) GCGTCGCTGAGCGCGCGCTGCGCCGA 4354, 701R (SEQ ID No. 20) 

GTCCCATTTTGTCGCTGATTTGTTTGAACA GATTGAGACACTTGCCACGA 
GCGACGAACCGGGTTGAAAATGTCGCCT 

GGGTCGGGGATTCCCT 

RDsie 2627,831 - Rv2349 - CCTCGATGAACCACCTGACATGACCC 2627, 37 OF (SEO ID No. 24) 
(SEO ID 2635, 581 Rv2355 CATCCTTTCCAAGAACTGGAGTCTCC GAATGCCGACGTCATATCG 
No. 26) GGACATGCCGGGGCGGTTCACTGCCC 2633, 692R (SEQ ID No. 25) 

CAGGTGTCCTGGGTCGTTCCGTTGACCGT CGGCCACTGAGTTCGATTAT 

CGAGTCCGAACATCCGTCATTCCCGGTGG 

CAGTCGGGCGGTGAC 

MiD1 3121,880 - Rv2815c - CACCTGACATGACCCCATCCTTTCCA 3121, 69 OF (SEQ ID No. 27) 
(SEQ ID 3126, 684 Rv2818c AGAACTGGAGTCTCCGGACATGCCGG CAGCCAACACCAAGTAGACG 
No 29) GGCGGTTCAGGGACATTCATGTCCATCTT 3126,924R (SEQ ID No. 28) 

CTGGCAGATCAGCAGATCGCTTGTTCTCAG TCTACCTGCAGTCGCTTGTG 

TGCAGGTGAGTC 
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TABLE 3 - continued 

28 

Sedulence at the iunction of the deleted rections in M. microti OV254 

Junction Position 

MiD2 3554, O66 
(SEO ID 3555,259 
No 32) 

MiD3 3741, 139 
(SEO ID 3755, 777 
No 35) 

ORFS Sequences at the junction 

Rv3.188 - GCTGCCTACTACGCCAACGCCAGAG 
Rv3189 ACCAGCCGCCGGCTGAGGTCTCAGAT 

CAGAGAGCTCCGGACCACCGGGGC 
GGTTCATAAAGGCTTCGAGACCGGACGG 
GCTGTAGGTTCCTCA ACTGTGTGGCGGAT 
GGTCTGAGCACTTAAC 

Rv33 45c - TGGCGCCGGCACCTCCGTGCCACCG 
Rv33.49c TTGCCGCCGCTGGTGGGCGCGGTGCC 

GCGCCCCGGCCGAACCGTTCAGGG 
CCGGGTTCGCCCTCAGCCGCTAAACACG 

Flanking primers 

3553, 88 OF (SEO ID No 
GTCCATCGAGGATGTCGAGT 

3555,385R (SEO ID No 
CTAGGCCATTCCGTTGTCTG 

374O95OF (SEO ID No 
GGCGACGCCATTTCC 

3755, 988R (SEO ID No 
AACTGTCGGGCTTGCTCTT 

31) 

33) 

34) 

CCGACCAAGATCAACGAGCTACCTGCCCG 
GTCAAGGTTGAAGAGCCCCCATATCAGCA 
AGGGCCCGGGTCGGCG 

In fact, M. microti OV254 lacks the genes plcA, plcB. plcC 
and one specific PPE-protein encoding gene (RV2352). This 
was confirmed by the absence of a clear band on a Southern 
blot of Asel digested genomic DNA from M. microti OV254 
hybridized with a plcA probe. However, the genes Rv2346c 
and RV2347c, members of the esat-6 family, and RV2348c, 
that are missing from M. bovis and BCG strains (3) are still 
present in M. microti OV254. The presence of an IS6110 
element in this segment Suggests that recombination between 
two IS6110 elements could have been involved in the loss of 
RD5", and this is supported by the finding that the remain 
ing copy of IS6110 does not show a 3 base-pair direct repeat 
in strain OV254 (Table 3). 

Lack of MiD1 Provides Genomic Clue for M. microti 
OV 254 Characteristic Spoligotype. 
MiD1 encompasses the three ORFs Rv2816, Rv2817 and 

Rv2818 that encode putative proteins whose functions are yet 
unknown, and has occurred in the direct repeat region (DR), 
a polymorphic locus in the genomes of the tubercle bacilli that 
contains a cluster of direct repeats of 36 bp, separated by 
unique spacer sequences of 36 to 41 bp (17), (FIG. 7). The 
presence or absence of 43 unique spacer sequences that inter 
calate the DR sequences is the basis of spacer-oligo typing, a 
powerful typing method for strains from the M. tuberculosis 
complex (23). M. microti isolates exhibit a characteristic spo 
ligotype with an unusually small DR cluster, due to the pres 
ence of only spacers 37 and 38 (43). In M. microti OV254, the 
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absence of spacers 1 to 36, which are present in many other M. 
tuberculosis complex strains, appears to result from an 16110 
mediated deletion of 636 by of the DR region. Amplification 
and PvulI restriction analysis of a 2.8 kb fragment obtained 
with primers located in the genes that flank the DR region 
(RV2813c and Rv2819) showed that there is only one copy of 
IS6110 remaining in this region (FIG. 7). This 16110 element 
is inserted into ORF Rv2819 at position 3,119,932 relative to 
the M. tuberculosis H37RV genome. As for other IS6110 
elements that result from homologous recombination 
between two copies (7), no 3 base-pair direct repeat was 
found for this copy of IS6110 in the DR region. Concerning 
the absence of spacers 39-43 (FIG. 7), it was found that M. 
microti showed a slightly different organization of this locus 
than M. bovis strains, which also characteristically lack spac 
ers 39-43. In M. microti OV254 an extra spacer of 36 bp was 
found that was not present in M. bovis nor in M. tuberculosis 
H37RV. The sequence of this specific spacer was identical to 
that of spacer 58 reported by van Embden and colleagues 
(42). In their study of the DR region in many strains from the 
M. tuberculosis complex this spacer was only found in M. 
microti strain NLA000016240 (AF189828) and in some 
ancestral M. tuberculosis strains (3, 42). Like MiD1, MiD2 
most probably results from an IS6110-mediated deletion of 
two genes (Rv3188. Rv3189) that encode putative proteins 
whose function is unknown (Table 3 above and Table 4 
below), 

TABLE 4 

Presence of the RD and MiD regions in different M. microti strains 

HOST 

VOLES HUMAN 

ATCC Myc 94- B3 type B4 type B1 type B2 type 
Strain OV 254 OV183 OV216 35782 2272 mouse mouse llama Ilama 

RD1" absent absent absent absent absent absent absent absent absent 
RD 3 absent absent absent absent absent absent absent absent absent 
RD 7 absent absent absent absent absent absent absent absent absent 
RD8 absent absent absent absent absent absent absent absent absent 
RD 9 absent absent absent absent absent absent absent absent absent 
RD 10 absent absent absent absent absent absent absent absent absent 
MD3 absent ND ND absent absent absent absent absent absent 
MD1 absent ND ND present partial partial partial present present 
RD5" absent absent absent present present present present present present 
MD2 absent ND ND present present present present present present 

ND, not determined 



US 8,747,866 B2 
29 

Absence of Some Members of the PPE Family in M. 
microti. 

MiD3 was identified by the absence of two HindIII sites in 
BAC Mi4B9 that exist at positions 3749 kb and 3754 kb in the 
M. tuberculosis H37RV chromosome. By PCR and sequence 
analysis, it was determined that MiD3 corresponds to a 12 kb 
deletion that has truncated or removed five genes orthologous 
to Rv3345c-Rv3349c. Rv3347c encodes a protein of 3157 
amino-acids that belongs to the PPE family and Rv3346c a 
conserved protein that is also present in M. leprae. The func 
tion of both these putative proteins is unknown while Rv3348 
and Rv3349 are part of an insertion element (Table 2). At 
present, the consequences of the MiD3 deletions for the biol 
ogy of M. microti remains entirely unknown. 

Extra-DNA in M. microti OV 254 Relative to M. tubercu 
losis H37RV. 

M. microti OV254 possesses the 6 regions RVD1 to RVD5 
and TBD1 that are absent from the sequenced strain M. tuber 
culosis H37RV, but which have been shown to be present in 
other members of the M. tuberculosis complex, like M. Canet 
tii, M. africanum, M. bovis, and M. bovis BCG (3, 7, 13). In M. 
tuberculosis H37RV, four of these regions (RVD2-5) contain a 
copy of IS6110 which is not flanked by a direct, repeat, 
Suggesting that recombination of two IS6110 elements was 
involved in the deletion of the intervening genomic regions 
(7). In consequence, it seems plausible that these regions were 
deleted from the M. tuberculosis H37RV genome rather than 
specifically acquired by M. microti. In addition, three other 
small insertions have also been found and they are due to the 
presence of an IS6110 element in a different location than in 
M. tuberculosis H37RV and M. bovis AF2122/97. Indeed, 
PvulIRFLPanalysis of M. microti OV254 reveals 13 IS6110 
elements (data not shown). 
Genomic Diversity of M. microti Strains. 
In order to obtain a more global picture of the genetic 

organization of the taxon M. microti we evaluated the pres 
ence or absence of the variable regions found in strain OV 254 
in eight other M. microti strains. These strains which were 
isolated from humans and Voles have been designated as M. 
microti mainly on the basis of their specific spoligotype (26. 
32,43) and can be further divided into Subgroups according to 
the host such as Voles, llama and humans (Table 3). As stated 
in, the introduction, M. microti is rarely found in humans 
unlike M. tuberculosis. So the availability of 9 strains from 
variable sources for genetic characterization is an exceptional 
resource. Among them was one strain (Myc 94-2272) from a 
severely immuno-compromised individual (43), and four 
strains were isolated from HIV-positive or HIV-negative 
humans with Spoligotypes typical of llama and mouse iso 
lates. For one strain, ATCC 35872/M.P. Prague, we could not 
identify with certainty the original host from which the strain 
was isolated, nor if this strain corresponds to M. microti 
OV166, that was received by Dr. Sula from Dr. Wells and used 
thereafter for the vaccination program in Prague in the 1960s 
(38). 

First, we were interested if these nine strains designated as 
M. microti on the basis of their spoligotypes also resembled 
each other by other molecular typing criteria. As RFLP of 
pulsed-field gel separated chromosomal DNA represents 
probably the most accurate molecular typing strategy for 
bacterial isolates, we determined the Asel profiles of the 
available M. microti strains, and found that the profiles 
resembled each other closely but differed significantly from 
the macro-restriction patterns of M. tuberculosis, M. bovis 
and M. bovis. BCG strains used as controls. However, as 
depicted in FIG. 8A, the patterns were not identical to each 
other and each M. microti strain showed subtle differences, 
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Suggesting that they were not epidemiologically related. A 
similar observations was made with other rare cutting restric 
tion enzymes, like Dral or Xbal (data not shown). 
Common and Diverging Features of M. microti Strains. 
Two strategies were used to test for the presence or absence 

of variable regions in these strains for which we do not have 
ordered BAC libraries. First, PCRs using internal and flank 
ing primers of the variable regions were employed and ampli 
fication products of the junction regions were sequenced. 
Second, probes from the internal portion of variable regions 
absent from M. microti OV 254 were obtained by amplifica 
tion of M. tuberculosis H37RV DNA using specific primers. 
Hybridization with these radio-labeled probes was carried out 
on blots from PFGE separated Asel restriction digests of the 
M. microti strains. In addition, we confirmed the findings 
obtained by these two techniques by using a focused macro 
array, containing some of the genes identified in variable 
regions of the tubercle bacilli to date (data not shown). 
This Led to the Finding that the RD1" Deletion is Specific 
for all M. Microti Strains Tested. 

Indeed, none of the M. microti DNA-digests hybridized 
with the radio-labeled esat-6 probe (FIG. 8B) but with the 
RD1" flanking region (FIG. 8C). In addition, PCR amplifi 
cation using primers flanking the RD1" region (Table 2) 
yielded fragments of the same size for M. microti strains 
whereas no products were obtained for M. tuberculosis, M. 
bovis and M. bovis BCG strains (FIG. 9). Furthermore, the 
sequence of the junction region was found identical among 
the strains which confirms that the genomic organization of 
the RD1" locus was the same in all tested M. microtistrains 
(Table 3). This clearly demonstrates that M. microti lacks the 
conserved ESAT-6 family core region stretching in other 
members of the M. tuberculosis complex from Rv3864 to 
Rv3876 and, as such, represents a taxon of naturally occur 
ring ESAT-6/CFP-10 deletion mutants. 

Like RD1", MiD3 was found to be absent from all nine 
M. microti Strains tested and, therefore, appears to be a spe 
cific genetic marker that is restricted to M. microti strains 
(Table 3). However, PCR amplification showed that RD5" is 
absent only from the vole isolates OV 254, OV216 and 
OV183, but present in the M. microti strains isolated from 
human and other origins (Table 3). This was confirmed by the 
presence of single bands but of differing sizes on a Southern 
blot hybridized with a plcA probe for all M. microti tested 
strains except OV254 (FIG. 5D). Interestingly, the presence 
or absence of RD5" correlated with the similarity of IS6110 
RFLP profiles. The profiles of the three M. microti strains 
isolated from voles in the UK differed considerably from the 
IS6110 RFLP patterns of humans isolates (43). Taken 
together; these results underline the proposed involvement of 
IS6110 mediated deletion of the RD5 region and further 
suggest that RD5 may be involved in the variable potential of 
M. microti strains to cause disease in humans. Similarly, it 
was found that MID1 was missing only from the Vole isolates 
OV254, OV216 and OV183, which display the same spoli 
gotype (43), confirming the observations that MiD1 confers 
the particular spoligotype of a group of M. microti Strains 
isolated from voles. In contrast, PCR analysis revealed that 
MiD1 is only partially deleted from strains B3 and B4 both 
characterized by the mouse spoligotype and the human iso 
late M. microti Myc 94-2272 (Table 3). For strain ATCC 
35782 deletion of the MiD1 region was not observed. These 
findings correlate with the described spoligotypes of the dif 
ferent isolates, as strains that had intact or partially deleted 
MiD1 regions had more spacers present than the vole isolates 
that only showed spacers 37 and 38. 
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2.3 Comments and Discussion 
We have searched for major genomic variations, due to 

insertion-deletion events, between the vole pathogen, M. 
microti, and the human pathogen, M. tuberculosis. BAC 
based comparative genomics led to the identification of 10 
regions absent from the genome of the vole bacillus M. 
microti OV254 and several insertions due to IS6110. Seven of 
these deletion regions were also absent from eight other M. 
microti Strains, isolated from Voles or humans, and they 
account for more than 60 kb of genomic DNA. 
Of these regions, RD1" is of particular interest, because 

absence of part of this region has been found to be restricted 
to the BCG vaccine strains to date. As M. microti was origi 
nally described as non pathogenic for humans, it is proposed 
here that RD1 genes are involved in the pathogenicity for 
humans. This is reinforced by the fact that RD18 (29) has 
lost putative ORFs belonging to the esat-6 gene cluster 
including the genes encoding ESAT-6 and CFP-10 (FIG. 6) 
(40). Both polypeptides have been shown to act as potent 
stimulators of the immune system and are antigens recog 
nized during the early stages of infection (8, 12, 20, 34). 
Moreover, the biological importance of this RD1 region for 
mycobacteria is underlined by the fact that it is also conserved 
in M. leprae, where genes ML0047-ML0056 show high simi 
larities in their sequence and operon organization to the genes 
in the esat-6 core region of the tubercle bacilli (11). In spite of 
the radical gene decay observed in M. leprae the esat-6 
operon apparently has kept its functionality in this organism. 

However, the RD1 deletion may not be the only reason why 
the Vole bacillus is attenuated for humans. Indeed, it remains 
unclear why certain M. microtistrains included in the present 
study that show exactly the same RD1" deletion as vole 
isolates, have been found as causative agents of human tuber 
culosis. As human M. microti cases are extremely rare, the 
most plausible explanation for this phenomenon would be 
that the infected people were particularly susceptible for 
mycobacterial infections in general. This could have been due 
to an immunodeficiency (32, 43) or to a rare genetic host 
predisposition Such as interferon gamma- or IL-12 receptor 
modification (22). 

In addition; the finding that human M. microti isolates 
differed from Vole isolates by the presence of region RD5" 
may also have an impact on the increased potential of human 
M. microti isolates to cause disease. Intriguingly, BCG and 
the Vole bacillus lack overlapping portions of this chromo 
Somal region that encompasses three (plcA, plcB. plcC) of the 
four genes encoding phospholipase C (PLC) in M. tubercu 
losis. PLC has been recognized as an important virulence 
factor in numerous bacteria, including Clostridium perfirin 
gens, Listeria monocytogenes and Pseudomonas aeruginosa, 
where it plays a role in cell to cell spread of bacteria, intrac 
ellular survival, and cytolysis (36, 41). To date, the exact role 
of PLC for the tubercle bacilli remains unclear. plcA encodes 
the antigen mtp40 which has previously been shown to be 
absent from seven tested vole and hyrax isolates (28). Phos 
pholipase C activity in M. tuberculosis, M. microti and M. 
bovis, but not in M. bovis BCG, has been reported (21, 47). 
However; PLC and sphingomyelinase activities have been 
found associated with the most virulent mycobacterial spe 
cies (21). The levels of phospholipase C activity detected in 
M. bovis were much lower than those seen in M. tuberculosis 
consistent with the loss of plcABC. It is likely, that plcD is 
responsible for the residual phospholipase C activity in 
strains lacking RD5, such as M. bovis and M. microti OV254. 
Indeed, the plcD gene is located in region RVD2 which is 
present in some but not all tubercle bacilli (13, 18). Phospho 
lipase encoding genes have been recognized as hotspots for 
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integration of IS6110 and it appears that the regions RD5 and 
RVD2 undergo independent deletion processes more fre 
quently than any other genomic regions (44). Thus, the viru 
lence of some M. microtistrains may be due to a combination 
of functional phospholipase C encoding genes (7.25, 26, 29). 

Another intriguing detail revealed by this study is that 
among the deleted genes seven code for members of the PPE 
family of Gly-Ala-, Asn-rich proteins. A closer look at the 
sequences of these genes showed that in Some cases they were 
Small proteins with unique sequences, like for example 
Rv3873, located in the RD1" region, or Rv2352c and 
Rv2353c located in the RD5" region. Others, like Rv3347c, 
located in the MiD3 region code for a much larger PPE 
protein (3157 aa). In this case a neighboring gene (Rv3345c), 
belonging to another multigene family, the PE-PGRS family, 
was partly affected by the MID3 deletion. While the function 
of the PE/PPE proteins is currently unknown, their predicted 
abundance in the proteome of M. tuberculosis suggests that 
they may play an important role in the life cycle of the 
tubercle bacilli. Indeed, recently some of them were shown to 
be involved in the pathogenicity of M. tuberculosis strains (9). 
Complementation of Such genomic regions in M. microti 
OV 254 should enable us to carry out proteomics and viru 
lence studies in animals in order to understand the role of such 
ORFs in pathogenesis. 

In conclusion, this study has shown that M. microti, a taxon 
originally named after its major host Microtus agrestis, the 
common Vole, represents a relatively homogenous group of 
tubercle bacilli. Although all tested strains showed unique 
PFGE macro-restriction patterns that differed slightly among 
each other, deletions that were common to all M. microti 
isolates (RD7-RD10, MiD3, RD1") have been identified. 
The conserved nature of these deletions suggests that these 
strains are derived from a common precursor that has lost 
these regions, and their loss may account for some of the 
observed common phenotypic properties of M. microti, like 
the very slow growth on solid media and the formation of tiny 
colonies. This finding is consistent with results from a recent 
study that showed that M. microti strains carry a particular 
mutation in the gyrB gene (31). 
Of Particular Interest, Some of these Common Features (e.g. 
The Flanking Regions of RD1', or MiD3) could be 
Exploited for an Easy-to-Perform PCR Identification Test, 
Similar to the One Proposed for a Range of Tubercle Bacilli 
(33). 

This test enables unambiguous and rapid identification of 
M. microti isolates in order to obtain a better estimate of the 
overall rate of M. microti infections in humans and other 
mammalian species. 

EXAMPLE 3 

Recombinant BCG Exporting ESAT-6 Confers 
Enhanced Protection Against Tuberculosis 

3.1 Complementation of the RD1 Locus of BCG Pasteur and 
M. microti 
To construct a recombinant vaccine that secretes both 

ESAT-6 and CFP-10, we complemented BCG Pasteur for the 
RD1 region using genomic fragments spanning variable sec 
tions of the esXBA (or ESAT-6) locus from M. tuberculosis 
(FIG. 10). The RD1 deletion in BCG interrupts or removes 
nine CDS and affects all four transcriptional units: three are 
removed entirely while the fourth (Rv3867-Rv3871) is 
largely intact apart from the loss of 112 codons from the 
3'-end of Rv3871 (FIG. 10). Transcriptome analysis of BCG, 
performed using cDNA probes obtained from early log phase 
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cultures with oligonucleotide-based microarrays, was able to 
detect signals at least twofold greater than background for the 
probes corresponding to Rv3867 to 3871 inclusive, but not for 
the RD1-deleted genes Rv3872 to Rv3879. This suggests that 
the Rv3867-3871 transcriptional unit is still active in BCG 
which, like M. bovis, also has frameshifts in the neighbouring 
gene, Rv3881 (FIG. 10). The RD1" deletion of M. microti 
removes three transcriptional units completely with only 
gene Rv3877 remaining from the fourth. The M. tuberculosis 
clinical isolate MT56 has lost genes Rv3878-Rv3879 
(Brosch, R., et al. A new evolutionary scenario for the Myco 
bacterium tuberculosis complex. Proc Natl AcadSci USA99, 
3684-9. (2002)) but still secretes ESAT-6 and CFP-10 (FIG. 
10). 
To test the hypothesis that a dedicated export machinery 

exists and to establish which genes were essential for creating 
an ESAT-6-CFP-10 secreting vaccine we assembled a series 
of integrating vectors carrying fragments spanning different 
portions of the RD1 esX gene cluster (FIG. 10). These inte 
grating vectors stably insert into the attB site of the genome of 
tubercle bacilli.p.AP34 was designed to carry only the anti 
genic core region encoding ESAT-6 and CFP-10, and the 
upstream PE and PPE genes, whereas RD1-1106 and RD1 
pAP35 were selected to include the core region and either the 
downstream or upstream portion of the gene cluster, respec 
tively. The fourth construct RD1-2F9 contains a -32 kb seg 
ment from M. tuberculosis that stretches from RV3861 to 
Rv3885 covering the entire RD1 gene cluster. We adopted 
this strategy of complementation with large genomic frag 
ments to avoid polar effects that might be expected if a puta 
tive protein complex is only partially complemented in trans. 
In addition, a set of smaller expression constructs (pAP47, 
pAP48) was established in which individual genes are tran 
scribed from a heat shock promoter (FIG. 10). Using appro 
priate antibodies all of these constructs were found to produce 
the corresponding proteins after transformation of BCG or M. 
microti (see below). 
3.2 Several Genes of the esX Cluster are Required for Export 
of ESAT-6 and CFP-10 
The four BCG::RD1 recombinants (BCG::RD1-pAP34, 

BCG::RD1-pAP35, BCG::RD1-2F9 and 13CG::RD1-I106) 
(FIG. 11) were initially tested to ensure that ESAT-6 and 
CFP-10 were being appropriately expressed from the respec 
tive integrated constructs. Immunoblotting of whole cell pro 
tein extracts from mid-log phase cultures of the various 
BCG::RD1 recombinants using an ESAT-6 monoclonal anti 
body or polyclonal sera for CFP-10 and the PPE68 protein 
Rv3373 demonstrated that all three proteins were expressed 
from the four constructs at levels comparable to those of M. 
tuberculosis (FIG. 11). However, striking differences were 
seen when the Supernatants from early log-phase cultures of 
each recombinant were screened by Western blot for the two 
antigens. Although low levels of ESAT-6 and CFP-10 could 
be detected in the concentrated Supernatant protein fractions 
of BCG::RD1-pAP34, BCG::RD1-pAP35 and BCG::RD1 
I 106 it was only with the integrated construct encompassing 
the entire esX gene cluster (BCG::RD1-2F9) that the two 
antigens accumulated in significant amounts. The high con 
centrations of ESAT-6 and CFP-10 seen in the Supernatant of 
the recombinant BCG::RD1-2F9 were not due to a non-spe 
cific increase in permeability, or loss of cell wall material, 
because when the same whole cell and Supernatant protein 
fractions were immunoblotted with serum raised against 
Rv3873, this protein was only localized in the cell wall of the 
various recombinants. As expected, when constructs were 
used containing eSXA or eSXBA alone, ESAT-6 did not accu 
mulate in the culture Supernatant (data not shown). 
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To assess the effect of the RD1" deletion of M. microtion 

the export of ESAT-6 and CFP-10 and subsequent antigen 
handling, the experiments were replicated in this genomic 
background. As with BCG, ESAT-6 and CFP-10 were only 
exported into the Supernatant fraction in significant amounts 
if expressed in conjunction with the entire esx cluster (FIG. 
11). The combined findings demonstrate that complementa 
tion with esXA or esXB alone is insufficient to produce a 
recombinant vaccine that secretes these two antigens. Rather, 
secretion requires expression of genes located both upstream 
and downstream of the antigenic core region confirming our 
hypothesis' that the conserved esX gene cluster does indeed 
encode functions essential for the export of ESAT-6 and CFP 
10. 
3.3 Secretion of ESAT-6 is Needed to Induce Antigen Specific 
T-Cell Responses 

Since the classical observation that inoculation with live, 
but not dead BCG, confers protection against tuberculosis in 
animal models it has been considered that secretion of anti 
gens is critical for maximizing protective T-cell immunity. 
Using our panel of recombinant vaccines we were able to test 
if antigen secretion was indeed essential for eliciting ESAT-6 
specific T-cell responses. Groups of C57/BL6 mice were 
inoculated Subcutaneously with one of six recombinant vac 
cines (BCG-pAP47, BCG-pAP48, BCG::RD1-pAP34, 
BCG::RD1-pAP35, BCG::RD1-I106, BCG::RD1-2F9) or 
with BCG transformed with the empty vector pYUB412. 
Three weeks following vaccination, T-cell immune responses 
to the seven vaccines were assessed by comparing antigen 
specific splenocyte proliferation and gamma interferon 
(IFN-Y production (FIG. 12A). As anticipated all of the vac 
cines generated splenocyte proliferation and IFN-Y produc 
tion in response to PPD (partially purified protein derivative) 
but not against an unrelated MalE control peptide indicating 
Successful vaccination in each case. However, only spleno 
cytes from the mice inoculated with BCG::RD1-2F9 prolif 
erated markedly in response to the immunodominant ESAT-6 
peptide (FIG. 12A). Furthermore, IFN-Y was only detected in 
culture Supernatants of splenocytes from mice immunized 
with BCG::RD1-2F9 following incubation with the ESAT-6 
peptide (FIG. 12B) or recombinant CFP-10 protein (data not 
shown). These data demonstrate that export of the antigens is 
essential for stimulating specific Th1-oriented T-cells. 

Further characterization of the immune responses was car 
ried out. Splenocytes from mice immunized with BCG::RD1 
2F9 or control BCG both proliferated in response to the 
immunodominant antigen 85A peptide (FIG. 13A). The 
strong splenocyte proliferation in the presence of ESAT-6 was 
abolished by an anti-CD4 monoclonal antibody but not by 
anti-CD8 indicating that the CD4 T-cell subset was involved 
(FIG. 13B). Interestingly, as judged by in vitro IFN-y 
response to PPD and the ESAT peptide, subcutaneous immu 
nization generated much stronger T-cell responses (FIG. 
13C) compared to intravenous injection. After Subcutaneous 
immunisation with BCG::RD1-2F9 strong ESAT-6 specific 
responses were also detected in inguinal lymph nodes (data 
not shown). These experiments demonstrated that the ESAT-6 
T-cell immune responses to vaccination with BCG::RD1-2F9 
were potent, reproducible and robust making this recombi 
nant an excellent candidate for protection studies. 
3.4 Protective Efficacy of BCG::RD1-2F9 in Immuno-Com 
petent Mice 
When used alone as a subunit or DNA vaccine, ESAT-6 

induces levels of protection weaker than but akin to those of 
BCG (Brandt, L., Elbay, M., Rosenkrands, L., Lindblad, E. B. 
& Andersen, P. ESAT-6 subunit vaccination against Myco 
bacterium tuberculosis. Infect. Immun. 68, 791-795 (2000)). 
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Thus, it was of interest to determine if the presentation to the 
immune system of ESAT-6 and/or CFP-10 in the context of 
recombinant BCG, mimicking the presentation of the anti 
gens during natural infection, could increase the protective 
efficiency of BCG. The BCG::RD1-2F9 recombinant was 
therefore selected for testing as a vaccine, since it was the 
only ESAT-6 exporting BCG that elicited vigorous antigen 
specific T-cell immune responses. Groups of C57BL/6 mice 
were inoculated intravenously with either BCG::RD1-2F9 or 
BCG::py UB412 and challenged intravenously after eight 
weeks with M. tuberculosis H31RV. Growth of M. tuberculo 
sis H37RV in spleens and Bungs of each vaccinated cohort 
was compared with that of unvaccinated controls two months 
after infection (FIG. 14A). This demonstrated that, compared 
to vaccination with BCG, the BCG::RD1-2F9 vaccine inhib 
ited growth of M. tuberculosis H37RV in the spleens by 0.4 
log 10 CFU and was of comparable efficacy at protecting the 
lungs. 

To investigate this enhanced protective effect against tuber 
culosis further we repeated the challenge experiment using 
the aerosol route. In this experiment antibiotic treatment was 
employed to clear persisting BCG from mouse organs prior to 
infection with M. tuberculosis. Two months following vacci 
nation C57BL/6 Mice were treated with daily rifampicin/ 
iZoniazid for three weeks and then infected with 1000 CFU of 
M. tuberculosis H37RV by the respiratory route. Mice were 
then sacrificed after 17, 35 and 63 days and bacterial enu 
meration carried out on the lungs and spleen. This demon 
strated that, even following respiratory infection, vaccination 
with BCG::RD1-2F9 was superior to vaccination with the 
control strain of BCG (FIG. 14B). However; growth of M. 
tuberculosis was again only inhibited strongly in the mouse 
spleens. 

EXAMPLE 4 

Protective Efficacy of BCG::RD1-2F9 in Guinea 
Pigs 

4.1 Animal Models 
M. tuberculosis H37RV and the different recombinant vac 

cines were prepared in the same Manner as for the immuno 
logical assays. For the guinea pig assays, groups of outbred 
female Dunkin-Hartley guinea pigs (David Hall, UK) were 
inoculated with 5x10 CFUs by the subcutaneous route. 
Aerosol challenge was performed 8 weeks after vaccination 
using a contained Henderson apparatus and an H37RV 
(NCTC 7416) suspension in order to obtain an estimated 
retained inhaled dose of approximately 1000 CFU/lung (Wil 
liams, A., Davies, A., Marsh, P. D., Chambers, M. A. & 
Hewinson, R. G. Comparison of the protective efficacy of 
bacille calmette-Guerin vaccination against aerosol chal 
lenge with Mycobacterium tuberculosis and Mycobacterium 
bovis. Clin Infect Dis 30 Suppl 3, S299-301. (2000)). Organs 
were homogenized and dilutions plated out on 7H11 agar, as 
for the mice experiments. Guinea pig experiments were car 
ried out in the framework of the European Union TB vaccine 
development program. 
4.2 Results 

Although experiments in mice convincingly demonstrated 
a superior protective efficacy of BCG::RD1 over BCG it was 
important to establish a similar effect in the guinea pig model 
of tuberculosis. Guinea pigs are exquisitely sensitive to tuber 
culosis, Succumbing rapidly to low dose infection with M. 
tuberculosis, and develop a necrotic granulomatous pathol 
ogy closer to that of human tuberculosis. Immunization of 
guinea pigs with BCG:RD1-2F9 was therefore compared to 
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conventional BCG vaccination. Groups of six guinea pigs 
were inoculated subcutaneously with saline, BCG or BCG: 
RD1-2F9. Eight weeks following inoculation the three guinea 
pig cohorts were challenged with M. tuberculosis H37RV via 
the aerosol route. Individual animals were weighed weekly 
and were killed 17 weeks after challenge or earlier if they 
developed signs of severe tuberculosis. Whereas all unvacci 
nated guinea pigs failed to thrive and were euthanised before 
the last time-point because of overwhelming disease, both the 
BCG- and recombinant BCG::RD1-2F9-vaccinated animals 
progressively gained weight and were clinically well when 
killed on termination of the experiment (FIG. 15A). This 
indicated that although the BCG::RD1-2F9 recombinant is 
more virulent in severely immunodeficient mice (Pym, A.S., 
Brodin, P., Brosch, R., Huerre, M. & Cole, S.T. Loss of RD1 
contributed to the attenuation of the live tuberculosis vaccines 
Mycobacterium bovis BCG and Mycobacterium microti. 
Mol. Microbiol. 46, 709-717 (2002)). There is no increased 
pathogenesis in the highly Susceptible guinea pig model of 
tuberculosis. Moreover, when the bacterial loads in the 
spleens of the vaccinated animals were compared there was a 
greater than ten-fold reduction in the number of CFU recov 
ered from the animals immunized with BCG::RD1-2F9 when 
compared to BCG (FIG. 15B). Interestingly, there was no 
significant difference between the number of CFU obtained 
from the lungs of the two vaccinated groups indicating that 
the organ-specific enhanced protection observed in mice vac 
cinated with BCG::RD1-2F9 was also seen with guinea pigs. 
This marked reduction of bacterial loads in the spleens of 
BCG::RD1-2F9 immunized animals was also reflected in the 
gross pathology. Visual examination of the spleens showed 
that tubercules were much larger and more numerous on the 
surface of the BCG-vaccinated guinea pigs (FIG.15C). These 
results demonstrate that the recombinant vaccine BCG::RD1 
2F9 conveys enhanced protection to an aerosol challenge 
with M. tuberculosis in two distinct animal models. 

GENERAL CONCLUSION 

Tuberculosis is still one of the leading infectious causes of 
death in the world despite a decade of improving delivery of 
treatment and control strategies (Dye, C. Scheele, S., Dolin, 
P. Pathania, V. & Raviglione, M. C. Consensus statement. 
Global burden of tuberculosis: estimated incidence, preva 
lence, and mortality by country. WHO Global Surveillance 
and Monitoring Project. Jama 282, 677-86, (1999)). Reasons 
for the recalcitrance of this pandemic are multi-factorial but 
include the modest efficacy of the widely used vaccine, BCG. 
Two broad approaches can be distinguished for the develop 
ment of improved tuberculosis vaccines (Baldwin, S.L., et al. 
Evaluation of new vaccines in the mouse and guinea pig 
model of tuberculosis. Infection & Immunity 66, 2951-9 
(1998), Kaufmann, S.H., How can immunology contribute to 
the control of tuberculosis, Nature Rev Immunol 1, 20-30. 
(2001) and Young, D. B. & Fruth, U. in New Generation 
Vaccines (eds. Levine, M., Woodrow, G. Kaper, J. & Cobon 
GS) 631-645 (Marcel Dekker, 1997)). These are the devel 
opment of subunit vaccines based on purified protein antigens 
or new live vaccines that stimulate abroader range of immune 
responses. Although a growing list of individual or combina 
tion Subunit vaccines, and hybrid proteins, have been tested 
none has yet proved superior to BCG in animal models (Bald 
win, S. L., et al., 1998). Similarly, new attenuated vaccines 
derived from virulent M. tuberculosis have yet to out-perform 
BCG (Jackson, M., et al. Persistence and protective efficacy 
of a Mycobacterium tuberculosis auxotroph vaccine. Infect. 
Immun. 67, 2867-73. (1999) and Hondalus, M. K., et al., 
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Attenuation of and protection induced by a leucine auxotroph 
of Mycobacterium tuberculosis. Infect. Immun. 68,2888-98. 
(2000)). Interestingly, the only vaccine that appears to surpass 
BCG is a BCG recombinant over expressing antigen 85A 
(Horwitz, M.A., Harth, G., Dillon, B.J. & Maslesa-Galic, S., 
Recombinant bacillus calmette-guerin (BCG) vaccines 
expressing the Mycobacterium tuberculosis 30-kDa major 
secretory protein induce greater protective immunity against 
tuberculosis than conventional BCG vaccines in a highly 
susceptible animal model. Proc Natl Aced Sci USA 97. 
13853-8. (2000)). The basis for this vaccine was the notion 
that over-expression of an immunodominant T-cell antigen 
could quantitatively enhance the BCG-elicited immune 
response. 

In frame with the invention, we were able to show that 
restoration of the RD1 locus did indeed improve the protec 
tive efficacy of BCG and defines a genetic modification that 
should be included in new recombinant BCG vaccines. More 
over, we were able to demonstrate two further findings that 
will be crucial for the development of a live vaccine against 
tuberculosis. First, we have identified the genetic basis of 
secretion for the ESAT-6 family of immunodominant T-cell 
antigens, and second, we show that export of these antigens 
from the cytosol is essential for maximizing their antigenic 
ity. 
The extra-cellular proteins of M. tuberculosis have been 

extensively studied and shown to be a rich source of protec 
tive antigens (Sorensen, A. L., Nagai, S., Houen, G., Ander 
sen, P. & Andersen, A. B., Purification and characterization of 
a low-molecular-mass T-cell antigen secreted by Mycobacte 
rium tuberculosis. Infect. Immun. 63, 1710-7 (1995), Skjot, 
R. L. V., et al., Comparative evaluation of low-molecular 
mass proteins from Mycobacterium tuberculosis identifies 
members of the ESAT-6 family as immunodominant T-cell 
antigens. Infect. Immun. 68,214-220 (2000), Horwitz, M.A., 
Lee, B. W., Dillon, B. J. & Harth, G., Protective immunity 
against tuberculosis induced by vaccination with major extra 
cellular proteins of Mycobacterium tuberculosis. Proc Natl 
AcadSci USA 92, 1530-4 (1995) and Boesen, H., Jensen, B. 
N., Wilcke, T. & Andersen, P. Human T-cell responses to 
secreted antigen fractions of Mycobacterium tuberculosis. 
Infect. Immun. 63, 1491-7 (1995)). Despite this it remains a 
mystery how some of these proteins, that lack conventional 
secretion signals, are exported from the cytosol, a unique 
problem in M. tuberculosis given the impermeability and 
waxy nature of the mycobacterial cell envelope. Although 
two secA orthologues were identified in the genome sequence 
of M. tuberculosis (Cole, S.T., et al., Deciphering the biology 
of Mycobacterium tuberculosis from the complete genome 
sequence. Nature 393,537-544 (1998)), no genes for obvious 
type I, II, or III protein secretion systems were detected, like 
those that mediate the virulence of many Gram-negative bac 
terial pathogens (Finlay, B.B. & Falkow, S., Common themes 
in microbial pathogenicity revisited. Microbiol. Mol. Biol. 
Rev. 61, 136-169 (1997)). This suggested that novel secretion 
systems might exist. An in silico analysis of the M. tubercu 
losis proteome identified a set of proteins and genes whose 
inferred functions, genomic organization and strict associa 
tion with the eSX gene family suggested that they could con 
stitute such a system (Tekaia, F., et al., Analysis of the pro 
teome of Mycobacterium tuberculosis in silico. Tubercle 
Lung Disease 79, 329-342 (1999)). Our results provide the 
first empirical evidence that this gene cluster is essential for 
the normal export of ESAT-6 and CFP-10. 

The antigen genes, esXBA, lie at the center of the conserved 
gene cluster. Bioinformatics and comparative genomics pre 
dicted that both the conserved upstream genes Rv3868 
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Rv3871, as well as the downstream genes Rv3876-Rv3877, 
would be required for secretion (FIG. 1) and strong experi 
mental support for this prediction is provided here. Our 
experiments show that only when BCG or M. microti are 
complemented with the entire cluster is maximal export of 
ESAT-6 and CFP-10 obtained. This suggests that at least 
Rv3871 and either RV3876 or RV3877 are indeed essential for 
the normal secretion of ESAT-6 as these are the only con 
served genes absent or disrupted in BCG which are not 
complemented by RD1-I106 or RD1-pAP35. These genes 
encode a large transmembrane protein with ATPase activity, 
an ATP-dependent chaperone and an integral membrane pro 
tein, functional predictions compatible with them being part 
of a multi-protein complex involved in the translocation of 
polypeptides. Amongst the proteins encoded by the eSX clus 
ter Rv3871 and RV3877 are highly conserved, as orthologues 
have been identified in the more streamlined clusters found in 
other actinomycetes, further Supporting their direct role in 
secretion (Gey Van Pittius, N. C., et al. The ESAT-6 gene 
cluster of Mycobacterium tuberculosis and other high G+C 
Gram-positive bacteria. Genome Biol 2, 44.1-44.18 (2001)). 
It has been shown recently that ESAT-6 and CFP-10 form a 
heterodimer in vitro (Renshaw, P. S. at al. Conclusive evi 
dence that the major T-cell antigens of the M. tuberculosis 
complex ESAT-6 and CFP-10 form a tight, 1:1 complex and 
characterisation of the structural properties of ESAT-6, CFP 
10 and the ESAT-6-CFP-10 complex: implications for patho 
genesis and virulence. J Biol Chem 8.8 (2002)) but it is not 
known whether dimerization precedes translocation across 
the cell membrane or occurs at a later stage in vivo. In either 
case, chaperone or protein clamp activity is likely to be 
required to assist dimer formation or to prevent premature 
complexes arising as is well documented for type III Secretion 
systems (Page, A. L. & Parsot, C. Chaperones of the type III 
secretion pathway: jacks of all trades. Mol Microbiol 46, 
1-11. (2002)). These, and other questions concerning the 
precise roles of the individual components of the ESAT-6 
secretory apparatus, can now be addressed experimentally 
using the tools developed here. 
The second major finding of the invention is that the secre 

tion of ESAT-6 (and probably CFP-10) is critical for inducing 
maximal T-cell responses although other RD1-encoded pro 
teins may also contribute such as the PPE68 protein (Rv3873) 
which is located in the cell envelope. We show that even 
though whole cell expression levels of ESAT-6 are compa 
rable amongst our vaccines (FIG. 2), only the vaccine Strain 
exporting ESAT-6, via an intact secretory apparatus, elicits 
powerful T-cell responses. Surprisingly, even the recombi 
nants RD1-pAP47 and RD1-pAP48, that overexpress 
ESAT-6 intracellularly, did not generate detectable ESAT-6 
specific T-cell responses. Although antigen secretion has long 
been recognized as, important for inducing immunity against 
M. tuberculosis, and is often used to explain why killed BCG 
offers no protection, this is one of the first formal demonstra 
tions of its importance. BCG, like M. tuberculosis resides in 
the phagosome, where secreted antigens have ready access to 
the MHC class II antigen processing pathway, essential for 
inducing IFN-Y producing CD4 T-cells considered critical for 
protection against tuberculosis. Further understanding of the 
mechanism of ESAT-6 secretion could allow the development 
of BCG recombinants that deliver other antigens in the same 
way: 
The main aim of the present invention was to qualitatively 

enhance the antigenicity of BCG. So, having assembled a 
recombinant vaccine that secreted the T-cell antigens ESAT-6 
and CFP-10, and shown that it elicited powerful CD4 T-cell 
immunity against at least ESAT-6 and CFP-10, the next step 
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was to rigorously test its efficacy in animal models of tuber 
culosis. In three distinct models, including two involving 
respiratory challenge, we were able to demonstrate that the 
ESAT-6-CFP-10 secreting recombinant improved protection 
when compared to a BCG control, although this effect was 
restricted to the spleen. This is probably due to the fact that the 
enhanced immunity induced by the two additional antigens is 
insufficient to abort the primary infection but does signifi 
cantly reduce the dissemination of bacteria from the lung. The 
lack of protection afforded to the lung, the portal of entry for 
M. tuberculosis, does not prevent BCG::RD1-2F9 from being 
a promising vaccine candidate. Primary tuberculosis occurs 
in the middle and lower lobes and is rarely symptomatic 
(Garay, S. M. in Tuberculosis (eds. Rom, W. N. & Garay, S. 
M.) 373-413 (Little, Brown and Company, Boston, 1996)). 
The bacteria need to reach the upper lobes, the commonest 
site of disease, by haematogenous spread. Therefore, a vac 
cine that inhibits dissemination of M. tuberculosis from the 
primary site of infection would probably have major impact 
on the outcome of tuberculosis. 

Recombinant BCG vaccines have definite advantages over 
other vaccination Strategies in that they are inexpensive, easy 
to produce and convenient to store. However, despite an unri 
valled and enviable safety record concerns remain and BCG is 
currently not administered to individuals with HIV infection. 
As shown above, the recombinant BCG::RD1-2F9 grows 
more rapidly in Severe Combined Immunodeficient (SCID) 
mice, an extreme model of immunodeficiency, than its paren 
tal BCG strain. However, in both immunocompetent mice and 
guinea pigs we have not observed any increased pathology 
only a slight increase in persistence which may be beneficial, 
since the declining efficacy of BCG with serial passage has 
been attributed to an inadvertent increase in its attenuation 
(Behr, MA. & Small, P. M., Has BCG attenuated to impo 
tence Nature 389, 133-4. (1997)). 

Ultimately, the robust enhancement in protection we have 
observed with the reincorporation of the RD1 locus is a com 
pelling reason to include this genetic modification in any 
recombinant BCG vaccine, even if this may require the need 
for a balancing attenuating mutation. 

In Summary, the data presented here show that, in addition 
to its increased persistence, BCG::RD1-2F9 induces specific 
T-cell memory and enhances immune responses to other 
endogenous Th1 antigens such as the mycoloyl transferase, 
antigen 85A. 
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- Continued 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Tf-BAC1 

<4 OOs, SEQUENCE: 31 

ggatgtgctg. Caaggcgatt a 

<210s, SEQ ID NO 32 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
esat - 6F 

<4 OOs, SEQUENCE: 32 

gtcacgt.cca tt catt coct 

<210s, SEQ ID NO 33 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
esat - 6R 

<4 OOs, SEQUENCE: 33 

atcc cagtga cqttgc citt 

<210s, SEQ ID NO 34 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
RD1mic flanking region F 

<4 OOs, SEQUENCE: 34 

gcagtgcaaa ggtgcagata 

<210s, SEQ ID NO 35 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
RD1mic flanking region R 

<4 OOs, SEQUENCE: 35 

gattgagaca Cttgcc acga 

<210s, SEQ ID NO 36 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
plc.A. int. F 

<4 OOs, SEQUENCE: 36 

Caagttgggt Ctggtcgaat 

<210s, SEQ ID NO 37 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
plc.A. int. R. 

Primer 

21 

Primer 

2O 

Primer 

19 

Primer 

2O 

Primer 

2O 

Primer 

2O 

Primer 
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- Continued 

<4 OO > SEQUENCE: 37 

gctaccCaag gtc.t.cctggit 2O 

<210s, SEQ ID NO 38 
&211s LENGTH: 153 
&212s. TYPE: DNA 

<213> ORGANISM: Mycobacterium tuberculosis 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Sequences at the junction RD1mic 

<4 OOs, SEQUENCE: 38 

Caagacgagg ttgtaaaacc ticgacgcagg atcggcgatgaaatgcc agt cqgcgtc.gct 6 O 

gagggcgc.gc tigcgc.cgagt cc cattttgt cqctgatttgtttgaac agc gacga accgg 12 O 

tgttgaaaat gtc.gc.ctggg toggggattic cct 153 

<210s, SEQ ID NO 39 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 
RD5mic flanking region F 

<4 OOs, SEQUENCE: 39 

gaatgc.cgac git catatcg 19 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer 
RD5mic flanking region R 

<4 OOs, SEQUENCE: 4 O 

cggccactga gttcgatt at 2O 

<210s, SEQ ID NO 41 
&211s LENGTH: 152 
&212s. TYPE: DNA 

<213> ORGANISM: Mycobacterium tuberculosis 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Sequence at the junction RD5mic 

<4 OOs, SEQUENCE: 41 

cct catgaa ccacctgaca tdaccc.catc ctitt.ccaaga actggagt ct c cqga catgc 6 O 

cggggcggitt Cactgc.ccca ggtgtc.ctgg gtcgttc.cgt taccgt.cga gtc.cgalacat 12 O 

cc.gt catt CC cqgtggcagt cqgtgcggtg ac 152 

<210s, SEQ ID NO 42 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer MiD1 
flanking region F 

<4 OOs, SEQUENCE: 42 

Cagcca acac Caagtagacg 2O 

<210s, SEQ ID NO 43 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

120 
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- Continued 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer MiD1 
flanking region R 

<4 OOs, SEQUENCE: 43 

tctacctgca gtc.gcttgtg 2O 

<210s, SEQ ID NO 44 
&211s LENGTH: 123 
&212s. TYPE: DNA 

<213> ORGANISM: Mycobacterium tuberculosis 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Sequence at the junction MiD1 

<4 OOs, SEQUENCE: 44 

Cacctgacat gaccc.cat co titt coaagaa citggagt cto cigacatgcc ggggcggttc 6 O 

agggacatt C atgtcCatct tctggcagat cagcagat.cg Cttgttct ca gtgcaggtga 12 O 

gtc 123 

<210s, SEQ ID NO 45 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer MiD2 
flanking region R 

<4 OOs, SEQUENCE: 45 

gtcCatcgag gatgtcgagt 2O 

<210s, SEQ ID NO 46 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer MiD2 
flanking region L. 

<4 OOs, SEQUENCE: 46 

c taggc catt cogttgttctg 2O 

<210s, SEQ ID NO 47 
&211s LENGTH: 151 
&212s. TYPE: DNA 

<213> ORGANISM: Mycobacterium tuberculosis 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Sequence at the junction MiD2 

<4 OOs, SEQUENCE: 47 

gctgcc tact acgct Caacg ccagagacca gcc.gc.cggct gaggit ct cag atcagagagt 6 O 

Ctc.cggactic accggggcgg tt catalaagg Ctt Cagacic ggacgggctg. taggttcct c 12 O 

aactgtgtgg C9gatggit ct gag cacttaa C 151 

<210s, SEQ ID NO 48 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer MiD3 
flanking region R 

<4 OOs, SEQUENCE: 48 

ggcgacgc.ca ttt Co 15 



<210s, SEQ ID NO 49 
&211s LENGTH: 19 
&212s. TYPE: DNA 

123 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

flanking region L. 

<4 OOs, SEQUENCE: 49 

aactgtcggg cittgct citt 

<210s, SEQ ID NO 50 
&211s LENGTH: 181 
&212s. TYPE: DNA 

Description of Artificial Sequence: 

<213> ORGANISM: Mycobacterium tuberculosis 
22 Os. FEATURE: 
223 OTHER INFORMATION 

<4 OOs, SEQUENCE: 50 

US 8,747,866 B2 

- Continued 

Sequence at the junction MiD3 

tggcgc.cggc accticcgttg ccaccgttgc cgc.cgctggit gggcgcggtg ccgttcgc.cc 

cggc.cgaacc gttcagggcc gggttcgc.cc ticago cqcta alacacgc.cga C caagat Caa 

cgagctacct gcc.cggtcaa ggttgaagag cccc.cat atc agcaagggcc 

9 

<210s, SEQ ID NO 51 
&211s LENGTH: 108 
212. TYPE: PRT 

<213> ORGANISM: Mycobacterium tuberculosis 
22 Os. FEATURE: 

<223> OTHER INFORMATION: RV3861 - hypothetical protein 

<4 OOs, SEQUENCE: 51 

Val Thir Trp Lieu Ala Asp 
1. 5 

Glin Ala Cys Llys Thr Ser 
2O 

Ala Glin Arg Gly Ala Glin 
35 

Ser Arg Ala Wal His Ile 
SO 

Pro Lieu. Glu Pro Ala Wall 
65 70 

Arg His Pro Val Val Ala 
85 

Ser Glin Lieu Ala Glin Arg 
1OO 

<210s, SEQ ID NO 52 
&211s LENGTH: 116 
212. TYPE: PRT 

Pro 

Ile 

Cys 

Glin 
55 

Glin 

His 

Glu 

Wall 

Ser 

Gly 
4 O 

Gly 

Ala 

Arg 

Gly Asn. Ser 
1O 

Ala Pro Ile 
25 

Glin Arg Glu 

Ile Ser Pro 

Ala Wall Ala 
7s 

Wall. Thir Wall 
90 

Pro Arg Pro 
105 

<213> ORGANISM: Mycobacterium tuberculosis 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

protein WHIB-like 

<4 OOs, SEQUENCE: 52 

Met Arg Tyr Ala Phe Ala 
1. 5 

Arg Asn Val Asp Met Thr 
2O 

Val Cys Thr Glin Asp Pro 

Arg 

Wall 

Pro 
6 O 

Ser 

Ala 

Ala 

Ile 

Glu 

Ser 
45 

Lell 

Lell 

Ala 

Ser 
3O 

Phe 

Arg 

Gly 

cggtgtcggc 

Arg Ala 
15 

Trp Arg 

Arg Cys 

Arg Arg 

Lieu. Gly 

Gln Gly 
95 

WHIB6 - Possible transcriptional regulatory 
WHIB6 

Ala Glu Ala Thr Thr Cys Asn Ala Phe Trp 
15 

Val Thr Ala Leu Tyr Glu Val Pro Leu Gly 
25 

Asp Arg Trp Thir Thir Thr Pro Asp Asp Glu 

Primer MiD3 

19 

6 O 

12 O 

18O 

181 

124 



Ala 

Asp 
65 

Ile 

Ser 

Ala 

Lys 
SO 

Ala 

Pro 

Luell 

Glin 

35 

Thir Lieu. Cys Arg 

Wall Glu Ser Ala 
70 

Glu Ser Gly Arg 
85 

Ala Glu Arg Asn 

Ser 
115 

Ala 

PRT 

SEQUENCE: 

Met Ala Gly Glu 
1. 

Asn 

Ala 

Arg 

Ile 
65 

Asp 

Gly 

Arg 

Arg 

Asp 
145 

Pro 

Lell 

Gly 

Thir 

Ala 
225 

Ala 

Glin 

Lell 

Lys 

Pro 

Arg 
SO 

Asp 

Gly 

Gly 

Phe 

Pro 
13 O 

Luell 

Gly 

Asp 

Ala 

Arg 
21 O 

Arg 

Ser 

Ala 

Pro 

Gly 

Luell 
35 

Gly 

Asp 

Arg 

Arg 

Gly 
115 

Ser 

Ser 

Wall 

Ile 

Luell 
195 

Ala 

Ile 

Pro 

Wall 

Ala 
27s 

Ser 

Wall 

Wall 

Ser 

Trp 

Arg 

Asp 

Asp 

Asp 

Wall 

Ser 
18O 

Ile 

Arg 

Gly 

Thir 
26 O 

Thir 

SEO ID NO 53 
LENGTH: 
TYPE : 

ORGANISM: Mycobacterium tuberculosis 
FEATURE: 

OTHER INFORMATION: Rv3863 - hypothetical alanine rich 

392 

53 

Arg 
5 

Thir 

Ala 

Ala 

Arg 

Arg 
85 

Gly 

Pro 

Ser 

Asp 

Arg 
1.65 

Glin 

Ala 

Lell 

Arg 

Lell 
245 

Ala 

Glu 

Glin 

Ile 

Ile 
70 

Ile 

Ser 

Pro 

Ala 

Pro 
150 

Ala 

Arg 

Phe 

Glu 

Gly 
23 O 

Arg 

Ala 

Asp 

125 

Ala 
55 

Gly 

Ala 

Gly 

Wall 

Met 

Ser 

Ile 
55 

Ser 

Wall 

Ser 

Gly 

Ala 
135 

Ala 

Gly 

Ser 

Glu 

Glu 
215 

Glu 

Pro 

Wall 

Pro 

4 O 

Cys 

Ala 

Arg 

Tyr 

Ser 

Gly 
4 O 

Gly 

Glin 

Gly 

Wall 

Gly 
12 O 

Glin 

His 

Ala 

Luell 

Lys 

Wall 

Pro 

Ala 

Asp 

Glu 
28O 

US 8,747,866 B2 

- Continued 

45 

Pro Arg Arg Trp Lieu. Cys 
6 O 

Glu Gly Lieu. Trp Ala Gly 

Ala 

Wall 

Ala Phe Ala Lieu. Gly Glin Lieu. 
90 

Pro Val Arg Asp His 
105 

Pro Pro 
1O 

Lys Ala 
25 

Gly Thr 

His Ser 

Thir His 

ASn Ile 
90 

Thir Wall 
105 

Lys Ala 

His Gly 

Asn Ala 

Ala Ala 
17O 

Ala Ala 
185 

Gly Arg 

Lieu. Glin 

Thr Glu 

Asp Gly 
250 

Gly Cys 
265 

Phe Thr 

Ser 

Gly 

Ser 

Luell 

Pro 

Ser 

Luell 

Arg 

Ala 
155 

Ala 

Asp 

Ser 

Trp 

Pro 
235 

Pro 

Ser 

Glu 

Arg 

Ser 

Asp 

Arg 
6 O 

Arg 

Arg 

Asp 

Thir 

Wall 
14 O 

Pro 

Ala 

Gly 

Trp 

Pro 
22O 

Ala 

Ala 

Lell 

Arg 

Lell 

Thir 

Wall 
45 

Wall 

Ala 

Gly 

Phe 
125 

Glin 

Wall 

Arg 

Ile 

Pro 

Ala 

Thir 

Ser 

Ala 

Ala 
285 

Arg 
11 O 

Wall 

Wall 

Ile 

Gly 

Wall 

Met 

Thir 
11 O 

Glu 

Pro 

Ala 

Arg 

Ile 
19 O 

Arg 

Gly 

Asn 

Luell 

Ile 
27 O 

Ala 

95 

Wall 

Pro 
15 

Gly 

Glu 

Thir 

Ser 

Phe 
95 

Luell 

Wall 

Ser 

Pro 

Arg 

Asn 

Glu 

Thir 

Pro 

Ile 
255 

Ala 

Pro 

Arg 

Wall 
8O 

Arg 

Ser 

protein 

Ala 

Pro 

Pro 

Glin 

Asp 

Wall 

Ile 

Wall 

Ala 

Asp 
160 

Glu 

Ala 

Arg 

Ile 

Asp 
24 O 

Ala 

Ala 

Ile 

126 



Lell 

Ile 
3. OS 

Arg 

Thir 

Thir 

Gly 

Glu 
385 

Ala 
29 O 

Ser 

His 

Luell 

Luell 

Ala 
37 O 

Ala 

Asp 

Arg 

His 

Ala 

Glu 
355 

Glu 

Luell 

Luell 

Ile 

Asp 

Glin 
34 O 

Thir 

Ala 

Ile 

PRT 

<4 OOs, SEQUENCE: 

Met Ala Ser Gly 
1. 

Gly 

Phe 

Lell 

Lell 
65 

Lell 

Ser 

Wall 

Lell 

Wall 
145 

Ala 

Thir 

Ile 

Gly 

Pro 
225 

Gly 

Glin 

Asn 

Ala 
SO 

Asn 

Asp 

Asp 

Trp 
13 O 

Wall 

Thir 

Luell 

Ile 

Luell 
21 O 

Gly 

Phe 

Luell 

Thir 
35 

Ile 

Glin 

Thir 

Lys 
115 

Ser 

Gly 

Asn 

Pro 

Asp 
195 

Pro 

Ser 

Pro 

Luell 

Gly 

Pro 

Asn 

Luell 

Arg 

Wall 

Trp 

Gly 

Luell 

Lys 
18O 

Gly 

Asp 

Pro 

Glu 

Arg 

Thir 

Glu 
3.25 

Arg 

Ala 

Glu 

Arg 

SEO ID NO 54 
LENGTH: 
TYPE : 

ORGANISM: Mycobacterium tuberculosis 
FEATURE: 
OTHER INFORMATION: Rv3864 

54 

Ser 
5 

Lell 

Ser 

Gly 

Ile 

Thir 
85 

Asp 

Cys 

Glu 

Ala 

Arg 
1.65 

Phe 

Lell 

Ile 

Lell 

Phe 
245 

Glin 

Pro 
310 

Lell 

Lell 

Glin 

Glu 

Glin 
390 

Gly 

Lell 

Ser 

Thir 

Ala 
70 

Gly 

Wall 

Lell 

Lell 
150 

Gly 

Pro 

Trp 

Pro 

Phe 
23 O 

Pro 

127 

Lell 
295 

Glu 

Met 

Tyr 

Ala 

Glu 
375 

Ile 

Lell 

Gly 

Lell 

Asn 
55 

Glin 

Asn 

Lell 

Gly 

Ala 
135 

Lell 

Ile 

Gly 

Pro 

Gly 
215 

Pro 

Ala 

Glu 

Luell 

Arg 

Ala 

Ala 
360 

Luell 

Asn 

Glu 

Phe 
4 O 

Trp 

Glin 

Met 

Arg 

Luell 
12 O 

Ile 

Tyr 

Luell 

Luell 

Pro 

Luell 

Asp 

Ile 

Ala 

Ile 

Luell 

Ala 
345 

Gly 

Pro 

Ile 

Gly 
330 

Arg 

Wall 

Ala 

Ala 

Ala 
315 

Ala 

Arg 

Ala 

Glu 

- conserved 

Ile 

Luell 

Ile 

Ala 
105 

Glu 

Pro 

Luell 

Gly 

Pro 
185 

Pro 

Luell 

Pro 

Thir 

Ile 

Glin 

Gly 

Arg 

Ser 
90 

Met 

Met 

Thir 

Arg 

Gly 

Luell 

Asp 

Pro 

Gly 
250 

Thir 

Pro 

Ile 

Glin 

Ala 

ASn 

Lys 

Ile 

Ser 

Ile 
155 

Luell 

Luell 

Pro 

Phe 

Ser 
235 

Phe 

US 8,747,866 B2 

- Continued 

Wall 
3 OO 

Lell 

Thir 

Arg 

Glu 

Ala 
38O 

hypothetical protein 

Ser 

Asp 

Ser 

Ala 
6 O 

Glin 

Glin 

Pro 

Gly 
14 O 

Met 

Ile 

Pro 

Asp 

Lys 
22O 

Phe 

Pro 

Glin 

Gly 

Ala 

Ala 

Glu 
365 

Thir 

Asn 

Pro 

Asp 
45 

Ala 

Wall 

Ala 

Met 

Lell 
125 

Ile 

Thir 

Glu 

Ser 

Ile 

Trp 

Pro 

Ala 

Ala 

Ala 

Pro 

Asn 
35. O 

Met 

Glu 

Phe 

Gly 

Glu 

Met 

Ile 
11 O 

Luell 

Ala 

Luell 

Met 

Luell 
19 O 

Pro 

Pro 

Gly 

Luell 

Thir 

Wall 

Gly 
335 

Luell 

Ile 

Ala 

Ile 
15 

Asp 

Met 

Ala 

Gly 

Tyr 
95 

Asp 

Gly 

Met 

Met 

Luell 
17s 

Pro 

Ile 

Pro 

Phe 

Pro 

255 

Arg 

Arg 

Ala 

Ser 

Wall 

Ile 

Trp 

Ile 

Gly 

Tyr 

Asp 

Wall 

Gly 

His 

Ala 

Asn 
160 

Thir 

Asp 

Pro 

Thir 

Pro 
24 O 

Gly 

128 



Lell 

Lell 

Lell 

Lell 
3. OS 

Glin 

Gly 

Ile 

Ser 

Pro 
385 

Wall 

129 

Pro Ser Ile Pro Asn Lieu Phe Pro Gly Lieu. 
26 O 265 

Lieu Pro Gly Val Gly Asp Lieu. Gly Lys Lieu. 
27s 28O 

Ala Ala Lieu Pro Asp Phe Lieu. Gly Gly Phe 
29 O 295 

Gly Phe Gly Asn Lieu Lleu Ser Phe Ala Ser 
310 315 

Val Thr Ala Thr Met Gly Glin Leu Gln Glin 
3.25 330 

Gly Pro Ser Gln Leu Ala Ser Met Gly Ser 
34 O 345 

Ser Ser Glin Ala Glin Glin Gly Gly Glin Gln 
355 360 

Asp Llys Lys Glu Asp Glu Glu Gly Val Ala 
37 O 375 

Ile Asp Ala Gly. Thir Ala Ala Ser Glin Arg 
390 395 

Luell 

<210s, SEQ ID NO 55 
&211s LENGTH: 103 
212. TYPE: PRT 

<213> ORGANISM: Mycobacterium tuberculosis 
22 Os. FEATURE: 
223 OTHER INFORMATION: Rv3865 - conserved 

<4 OO > SEQUENCE: 55 

Met 
1. 

Gly 

Wall 

Ser 

Thir 
65 

Lell 

Wall 

Thr Gly Phe Leu Gly Val Val Pro Ser Phe 
5 1O 

Met His Asn. Glu Ile Val Gly Asp Ile Llys 
2O 25 

Ala Gly Ile Ser Gly Arg Val Glin Lieu. Thr 
35 4 O 

Llys Phe Asn Asp Thir Lieu. Glin Glu Phe Glu 
SO 55 

Gly Thr Gly Lieu Gln Gly Val Thr Ser Gly 
70 7s 

Ala Ala Ala Gly Ala Tyr Lieu Lys Ala Asp 
85 90 

Ile Asp Llys Ile Phe Gly 
1OO 

<210s, SEQ ID NO 56 
&211s LENGTH: 283 
212. TYPE: PRT 

<213> ORGANISM: Mycobacterium tuberculosis 
22 Os. FEATURE: 

<223 is OTHER INFORMATION: Rv3866 - conserved 

<4 OOs, SEQUENCE: 56 

Met 
1. 

Wall 

Lell 

Pro 

Thr Gly Pro Ser Ala Ala Gly Arg Ala Gly 
5 1O 

Gly Val Glu Val Thr Ile Asp Gly Met Leu 
2O 25 

His Leu Val Asp Phe Pro Val Thr Lieu. Gly 
35 4 O 

Glin Glu Asp Lieu. Arg Asp Ile Val Trp Glu 

US 8,747,866 B2 

- Continued 

Pro 

Pro 

Ala 
3 OO 

Lell 

Lell 

Glin 

His 

Glu 
38O 

Gly 

hypothetical protein 

Lell 

Arg 

His 

Thir 
6 O 

Lell 

Asp 

hypothetical protein 

Thir 

Wall 

Ile 

Glin 

Gly 

Thir 
285 

Gly 

Pro 

Wall 

Glin 

Ala 
365 

Ala 

Glin 

Ala 

Gly 
45 

Thir 

Ala 

Gly 

Ala 

Ile 

Arg 
45 

Wall 

Luell 
27 O 

Trp 

Luell 

Thir 

Ala 

Ala 
35. O 

Thir 

Glu 

Glu 

Wall 

Thir 

Ser 

Arg 

Asn 

Luell 

Asp 

Ala 
3O 

Pro 

Glin 

Gly Asp 

Thr Glu 

Pro Ser 

Val Gly 
32O 

Ala Gly 
335 

Gln Lieu. 

Lieu Wall 

Arg Ala 

Gly Thr 
4 OO 

Lieu Ala 
15 

Asp Thr 

Phe Thr 

Ser Ser 

Asn Luell 

Ala Gly 
95 

Asn. Wall 
15 

Asp Arg 

ASn Ile 

Arg Asp 

130 



Lell 
65 

Wall 

Gly 

Wall 

Met 

Wall 
145 

Thir 

Thir 

Wall 

Pro 

Ser 
225 

Lell 

Lell 

Thir 

US 8,747,866 B2 
131 

- Continued 

SO 55 6 O 

Thir Ala Glin Gly Val Lieu. Asp Lieu. His Gly Glu Pro 
70 7s 

Ala Glu Met Val Glu Thir Lieu. Gly Arg Pro Asp Arg 
85 90 

Arg Trp Trp Arg Arg Asp Ile Gly Gly Val Met Val 
1OO 105 

Cys Arg Arg Gly Asp Arg His Val Ile Ala Ala Arg 
115 12 O 125 

Lieu Val Lieu. Glin Lieu Val Ala Pro Glin Val Gly Lieu. 
13 O 135 14 O 

Thir Ala Val Lieu. Gly Pro Ala Glu Pro Ala Asn Val 
150 155 

Gly Val Ala Thr Glu Lieu Ala Glu. Cys Thir Thr Ala 
1.65 17O 

Glin Tyr Gly Ile Ala Pro Ala Ser Ala Arg Val Tyr 
18O 185 

Gly Asn Pro Thr Gly Trp Val Glu Ile Val Ala Ser 
195 2OO 2O5 

Gly Gly. Thir Thr Thr Glin Thr Asp Ala Ala Ala Gly 
21 O 215 22O 

Llys Lieu. Gly Arg Lieu Val Ser Lieu Pro Arg Arg Val 
23 O 235 

Tyr Gly Ser Phe Lieu Pro Gly Thr Glin Glin Asn Lieu. 
245 250 

Asp Gly Lieu. Lieu. Glu Lieu. Lieu Pro Ala Gly Ala Trp 
26 O 265 

Ser Asp His Ala Glin Ala Ser Ser Arg Gly 
27s 28O 

<210s, SEQ ID NO 57 
&211s LENGTH: 183 
212. TYPE: PRT 

<213> ORGANISM: mycobacterium tuberculosis 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Protein sequence Rv3867 

<4 OO > SEQUENCE: 57 

Met 
1. 

Lell 

Lell 

Asp 

Lell 
65 

Met 

Met 

Ala 

Ile 

Val Asp Pro Pro Gly Asn Asp Asp Asp His Gly Asp 
5 1O 

Asp Phe Ser Ala Ala His Thr Asn. Glu Ala Ser Pro 
2O 25 

Asp Asp Tyr Ala Pro Val Glin Thr Asp Asp Ala Glu 
35 4 O 45 

Ala Lieu. His Ala Lieu. Thr Glu Arg Asp Glu Glu Pro 
SO 55 6 O 

Phe Thr Val Thr Asn Pro Glin Gly Ser Val Ser Val 
70 7s 

Asp Gly Arg Ile Gln His Val Glu Lieu. Thir Asp Llys 
85 90 

Ser Glu Ala Glin Lieu Ala Asp Glu Ile Phe Val Ile 
1OO 105 

Arg Gln Lys Ala Arg Ala Ser Glin Tyr Thr Phe Met 
115 12 O 125 

Gly Glu Lieu. Thir Asp Glu Asp Ala Glu Gly Ser Ala 
13 O 135 14 O 

Glin 

Thir 

Arg 
11 O 

Asp 

Ala 

Glu 

Ser 

Ala 
19 O 

Glin 

Wall 

Gly 

Glu 

Luell 
27 O 

Luell 

Luell 

Gly 

Glu 

Ser 

Ala 

Ala 
11 O 

Wall 

Luell 

Pro 

Luell 
95 

Phe 

Gly 

Gly 

Pro 

Glin 
17s 

Glu 

Arg 

Luell 

Gly 

Arg 
255 

Asp 

Asp 
15 

Asp 

Asp 

Luell 

Thir 

Thir 
95 

Asp 

Glu 

Luell 

Thir 

Glu 

Wall 

Asp 

Met 

Luell 
160 

Luell 

Ile 

His 

Asp 

Asp 
24 O 

Ala 

His 

Ala 

Ala 

Luell 

Glu 

Luell 

Ser 

Luell 

Asn 

Arg 

132 



Glu Phe Val Gly Met 
145 

Ala 

Ser 

133 
US 8,747,866 B2 

- Continued 

Thir Lieu. Asn Lieu Pro Thr Pro Glu Glu Ala 
150 155 

Ala Glu Ala Glu Val Phe Ala Thr Arg Tyr Asp Wall Asp Tyr 
1.65 

Arg Tyr Lys Ala 
18O 

PRT 

<4 OOs, SEQUENCE: 

Met Thr Asp Arg 
1. 

Pro 

Asp 

Phe 
65 

Ala 

Thir 

Glin 

Ala 

Ala 
145 

Wall 

Thir 

Ala 

Ala 
225 

Wall 

Ala 

Wall 

Glu 

Arg 
3. OS 

Met 

Asp 

Thir 
SO 

Gly 

Arg 

Ser 

Gly 

Gly 
13 O 

Ala 

Trp 

Ala 

Glu 

Trp 
21 O 

Wall 

Ala 

Glu 

Thir 

Luell 
29 O 

Ser 

Glu 
35 

Asp 

Glin 

Ile 

Pro 

Asn 
115 

Ser 

Glu 

Pro 

Ala 

Ala 
195 

Ala 

Ala 

Glin 

Asp 

Asp 

Arg 

Glu 

Ser 

Arg 

Luell 

Ala 

Luell 

Tyr 

Glu 

Arg 

Asp 

Ala 
18O 

Asn 

Luell 

Luell 

Ala 

Ile 
26 O 

Asn 

Arg 

Ala 

SEO ID NO 58 
LENGTH: 
TYPE : 

ORGANISM: mycobacterium tuberculosis 
FEATURE: 

OTHER INFORMATION: Protein sequence Rv3868 

58 

Lell 
5 

Ala 

Ala 

Wall 

Ser 

Ile 
85 

Ala 

Ala 

His 

Trp 

Lys 
1.65 

Asn 

Asp 

Ala 

Lell 

Lell 
245 

Ala 

Ser 

Glin 

Ala 

Asp 

Ala 

Arg 

Thir 

Gly 
70 

Gly 

Ile 

Asp 

Lell 

Thir 
150 

Phe 

Lell 

Ser 

Met 

Glu 
23 O 

Ser 

Gly 

Ile 

Thir 
310 

Asp 

Ser 

Ser 

Asp 

Lell 
55 

Ser 

Gly 

Thir 

Ala 

Wall 
135 

Asp 

Lell 

Ala 

Pro 

Ala 
215 

Trp 

Asp 

Arg 

Arg 

Gly 
295 

Lell 

Luell 

Luell 

Ala 
4 O 

Phe 

Wall 

Luell 

Met 

Met 
12 O 

Ala 

Wall 

Ala 

Luell 

Ala 

Arg 

Luell 

Pro 

Ala 

Glu 
28O 

Luell 

Met 

Phe 

Asp 
25 

Trp 

Arg 

Glin 

Tyr 

Gly 
105 

Glu 

Trp 

Ile 

Gly 

Phe 
185 

Gly 

Arg 

Glin 

Ser 

Asp 
265 

Arg 

Thir 

Ala 

Glu 

Luell 

Ile 

Ala 

Ile 

Gly 
90 

Phe 

Ala 

Met 

Asp 

Ala 
17O 

Thir 

Glu 

Ser 

Thir 

Tyr 
250 

Pro 

Luell 

Arg 

Arg 

Ser 

Phe 

Gly 

Trp 

Ser 

Asp 

Ala 

Luell 

Glin 
155 

Ala 

Glu 

Ala 

Glin 

Thir 
235 

Arg 

Trp 

Luell 

Wall 

Wall 
315 

Ala 

Thir 

Arg 

Tyr 
6 O 

Met 

Ile 

Ala 

Glu 

Ala 
14 O 

Wall 

Gly 

Ala 

Gly 
22O 

His 

Lell 

Asp 

Ala 

Lys 
3 OO 

Arg 

Wall 

Glu 

Ile 
45 

Ser 

Ser 

Thir 

Ala 
125 

Wall 

Wall 

Glu 

Ala 

Asn 

Pro 

Pro 

Glu 
285 

Asn 

Ala 

Ser 

Ile 

Arg 

Arg 

Thir 

Tyr 

Glu 
11 O 

Ala 

Wall 

Ser 

Ala 

Arg 
19 O 

Arg 

Glu 

Glu 

Thir 

Gly 
27 O 

Ala 

Glin 

Ala 

17s 

Met 
15 

Thir 

Arg 

Luell 

Pro 
95 

Ala 

Pro 

Ala 

His 
17s 

Arg 

Ala 

Ser 

Pro 

Thir 
255 

Ser 

Glin 

Ile 

Ala 
160 

Thir 

Luell 

Asn 

Gly 

Asn 

Asn 

Wall 

Ala 

Wall 

Gly 

Gly 
160 

Gly 

Luell 

Ile 

Ala 

Lys 
24 O 

Thir 

Wall 

Ala 

Glu 

Gly 
32O 

134 



Met 

Gly 

Gly 

Asp 

Thir 
385 

Ala 

Ala 

Wall 

Thir 

Thir 
465 

Ala 

Ala 

Asp 

Glu 

Lell 
5.45 

Ala 

Thir 

Luell 

Phe 
37 O 

Ile 

Luell 

Luell 

Wall 

Asn 
450 

Asp 

Ala 

Wall 

Glin 
53 O 

Asp 

Ile 

Wall 

Gly 

Gly 
355 

Wall 

Asp 

Wall 

Asp 

Ile 
435 

Glu 

Ser 

Asp 

Ala 
515 

Glu 

Ala 

Ala Glin 
3.25 

Lys Thr 
34 O 

Wall Ile 

Ala Glu 

Glin Ala 

Glin Glu 
4 OS 

Thir Lieu. 
42O 

Ile Ala 

Gly Lieu. 

Pro Glu 

Ser Ala 
485 

Gln Lieu. 
SOO 

Gly Asn 

Arg Asp 

Asp Arg 

Ala Wall 
565 

SEO ID NO 59 
LENGTH: 48O 
TYPE : 

ORGANISM: mycobacterium tuberculosis 
FEATURE: 
OTHER INFO 

PRT 

SEQUENCE: 59 

Met Gly Lieu. Arg Lieu. 
1. 

Lell 

Phe 

Wall 

Lys 
65 

Thir 

Asn 

Thir 

Luell 

Asp 

Wall 
SO 

Pro 

Asn 

Luell 

Wall 

Arg 

Asp 
35 

Ala 

Glin 

Glin 

Thir 

Arg Lieu. 
2O 

Pro Leu. 

Wall Lieu. 

Gly Lys 

Leu Tyr 
85 

Ser Ala 
1OO 

Ser Ser 

Pro 

Thir 

Ala 

Tyr 

Lell 
390 

Arg 

Lell 

Gly 

Arg 

Glu 
470 

Lell 

Glu 

Gly 

Met 

Lell 
550 

His 

Thir 

Glu 

Glin 

Ile 

Lell 
70 

Wall 

Arg 

Glu 

135 

Ser 

Ile 

Glu 

Glu 
375 

Gly 

Asp 

Ala 

Tyr 

Ser 
45.5 

Lell 

Thir 

Glin 

Arg 

Arg 
535 

Arg 

Ala 

Thir 

His 

Phe 

Lell 
55 

Gly 

Lell 

Lell 

Lell 

Ala 

Pro 
360 

Gly 

Gly 

Gly 

Arg 

Ser 
44 O 

Arg 

Luell 

Ala 

Arg 

Tyr 

Luell 

Glu 

His 

Ala 

Tyr 
4 O 

Ala 

Gly 

Luell 

Wall 

Ser 

His 

Arg 
345 

Glin 

Wall 

Arg 

Met 
425 

Ser 

Phe 

Glu 

Glu 

Met 
505 

Ala 

Ala 

Ile 

Luell 

Wall 

Ile 
25 

Ser 

Gly 

Thir 

Ser 

Luell 
105 

Met Ile 
330 

Wall Wall 

Lieu Wall 

Ser Ala 

Lieu. Phe 
395 

Thir Asp 
41O 

Glu Asn 

Asp Ile 

Ala Thr 

Ile Ala 
47s 

Ala Ala 
490 

Lieu. Arg 

Arg Glin 

Glin Wall 

Asin Gly 
555 

As yet 
st O 

Glin Wall 
1O 

Val Arg 

Arg Ser 

Ala Ala 

Ser Luell 

Gly Glin 
90 

Gly Asn 

Leul Pro 

US 8,747,866 B2 

- Continued 

Phe 

Ala 

Glu 

Wall 

Ile 

Pro 

Asp 

Asp 

Arg 
460 

Asn 

Glu 

Gly 

Lell 

Lell 
54 O 

Ser 

Arg 

Ser 

Arg 

Ile 

Lell 
6 O 

Phe 

Lell 

Pro 

Met 

Thir 

Asn 

Thir 
365 

Asp 

Phe 

Arg 

Arg 
445 

Ile 

Wall 

Asn 

Arg 

Wall 
525 

Asp 

Asp 

Glu 

RMATION: Protein sequence Rv3869 

Gly 

Asp 

Ala 
45 

Lell 

Thir 

His 

Ala 

Gly 

Gly 

Ile 
35. O 

Ser 

Thir 

Glu 

Gly 

Asp 
43 O 

Luell 

Glu 

Ile 

Phe 

Arg 

Glu 

Ile 

Met 

Trp 

Thir 
3O 

Luell 

Ala 

Asp 

Pro 

Asn 
11 O 

Glin 

Pro 
335 

Luell 

Arg 

Ala 

Ala 

Glin 
415 

Arg 

Luell 

Phe 

Ala 

Luell 
495 

Ala 

Ala 

Asp 

Ala 

Arg 
15 

Arg 

Gly 

Arg 

Wall 
95 

Pro 

Thir 

Pro 

Ala 

Tyr 
4 OO 

Glu 

Luell 

Glu 

Asp 

Ala 

Glin 

Luell 

Ser 

Thir 

Glu 
560 

Phe 

Met 

Ile 

Phe 

Ala 

Tyr 

Ala 

Wall 

136 



Gly 

Ser 
145 

Pro 

Ser 

Gly 

Thir 

Pro 
225 

Pro 

Gly 

Asp 

Wall 

Lell 
3. OS 

Glu 

Ser 

Gly 

Ile 

Ala 
385 

Asp 

Arg 

Ser 

Pro 

Ala 
465 

Ile 
13 O 

Ile 

Wall 

Ile 

Glu 

Asp 
21 O 

Thir 

Trp 

Luell 

Asn 
29 O 

Wall 

Arg 

Arg 

Asp 

Ser 
37 O 

Thir 

Pro 

Pro 

Wall 
450 

Asp 

115 

Pro 

Trp 

Wall 

Asp 

Thir 
195 

Arg 

Pro 

Glin 

Pro 

Gly 

Ala 

Ala 

Wall 

Pro 

Glin 
355 

Pro 

Wall 

Arg 

Gly 

Glin 
435 

Luell 

Pro 

Gly 

Thir 

Glin 

Pro 
18O 

Trp 

Ala 

Ile 

Luell 

Asp 
26 O 

Pro 

Thir 

Pro 

Glin 
34 O 

Ser 

Ser 

Wall 
42O 

Asn 

Ser 

Ser 

PRT 

SEQUENCE: 

Ala 

Lell 

Thir 
1.65 

Lell 

Ile 

Lell 

Ser 

Pro 
245 

Asp 

Glin 

Thir 

Pro 

Pro 
3.25 

Asp 

Pro 

Ala 

Lell 

Thir 
4 OS 

Pro 

Ala 

Lys 

Pro 

SEQ ID NO 60 
LENGTH: 
TYPE : 

ORGANISM: mycobacterium tuberculosis 
FEATURE: 

OTHER INFORMATION: Protein sequence Rv3370 

747 

6 O 

Pro 

Cys 
150 

Ala 

Glin 

Wall 

Thir 

Glu 
23 O 

Pro 

Lell 

Ala 

Ala 
310 

Ser 

Pro 

Glin 

Met 

Asp 
390 

Glu 

Asn 

Pro 

Asp 

Arg 
470 

137 

Tyr 
135 

Asp 

Wall 

Ser 

Thir 

Ser 
215 

Gly 

Ile 

Wall 

Ala 
295 

Met 

Pro 

Ala 

Ser 

Asn 
375 

Gly 

Ser 

Ala 

Trp 

Ala 
45.5 

12 O 

Ala 

Thir 

Ile 

His 

Thir 

Ser 

Met 

Pro 

Ile 

Wall 

Ala 

Wall 

Luell 

Luell 

Thir 
360 

Met 

Gly 

Met 

Glu 

Glu 
44 O 

Ala 

Wall 

Thir 

Wall 

Ala 

Glu 
185 

Met 

Phe 

Ala 

Gly 
265 

Wall 

Luell 

Pro 

Pro 

Cys 
345 

Wall 

Gly 

Thir 
425 

Ile 

Luell 

Pro 

Pro 

Ala 

Met 

Ala 

Gly 

Gly 

Asn 

Ala 
250 

Ser 

Luell 

Arg 

Ser 

Asp 
330 

Trp 

Luell 

Ile 

Phe 

Tyr 

Ala 

Wall 

Luell 

Ala 

Wall 

Arg 
155 

Pro 

Wall 

Arg 

Ile 

Ala 
235 

Gly 

Wall 

Pro 

Ala 

Luell 
315 

Glu 

Ser 

Ser 

Wall 
395 

Ile 

Lys 

Arg 

Glu 

Gly 
47s 

US 8,747,866 B2 

- Continued 

Ser 
14 O 

Ala 

Lell 

Lell 

His 

Pro 
22O 

Lell 

Ala 

Phe 

Asp 

Thir 
3 OO 

Wall 

Pro 

Trp 

Gly 

Glin 

Ala 

Asp 

Ser 

Lell 

His 
460 

Ala 

125 

Ala 

Asp 

Glu 

Wall 

Ala 

Wall 

Pro 

Pro 

Glin 

Gly 
285 

Glin 

Wall 

Lell 

Glin 

Arg 
365 

Ile 

Lell 

Pro 

Lell 

Lell 
445 

Asp 

Ser 

Gly 

Ser 

Ile 

Ser 
19 O 

Ile 

Thir 

Asp 

Asn 

Ile 
27 O 

Ile 

Ala 

Arg 

Arg 
35. O 

His 

His 

Glin 

Glin 

Gly 
43 O 

Wall 

Thir 

Gly 

Ser 

Thir 

Asp 
17s 

Asp 

Ala 

Met 

Ser 
255 

His 

Ala 

His 

Ile 

Ile 
335 

Ser 

Luell 

Gly 

Ser 

Gly 
415 

Luell 

Asp 

Luell 

Ala 

Thir 

Ser 
160 

Ala 

Glin 

Luell 

Arg 

Gly 
24 O 

Luell 

Thir 

Glin 

Gly 

Ala 

Wall 

Ala 

Pro 

Thir 

Pro 
4 OO 

Wall 

Ser 

Gly 

Pro 

Pro 
48O 

Met Thr Thr Lys Llys Phe Thr Pro Thr Ile Thr Arg Gly Pro Arg Lieu. 
1. 5 15 

138 



Thir 

Ile 

Ala 

Lell 
65 

Wall 

Glu 

Arg 

Arg 
145 

Ile 

Wall 

Glu 

Lell 

Ile 
225 

Met 

Arg 

Trp 

Thir 

Arg 
3. OS 

Wall 

Ala 

Arg 

Glin 

Glin 
385 

Thir 

Trp 

Arg 

Pro 

Pro 

Met 
SO 

Ser 

Gly 

Ile 

Thir 

His 
13 O 

Glin 

Gly 

Gly 

Pro 

Ile 
21 O 

Ala 

Ile 

Wall 

Luell 

Arg 
29 O 

Gly 

Wall 

Gly 

Ile 

Ser 
37 O 

Ala 

Ile 

His 

Trp 

Gly 

Pro 
35 

Luell 

Pro 

Gly 

Asn 

Arg 
115 

Ala 

Trp 

Ile 

Gly 

Wall 
195 

His 

Ile 

Luell 

Pro 

Luell 

Pro 

Asp 

Wall 

Arg 
355 

Phe 

Ser 

Luell 

Glin 

Arg 

Glu 
2O 

Ser 

Gly 

Luell 

Ala 

Wall 

Pro 

Ser 

Gly 

Glu 
18O 

Ser 

Asp 

Gly 

His 

Thir 
26 O 

His 

Ile 

His 

Luell 

Thir 
34 O 

Wall 

Arg 

Arg 

Asp 

Luell 
42O 

Met 

Ile 

Gly 

Met 

Met 

Ala 
85 

Asp 

Thir 

His 

Arg 

Asp 
1.65 

Lell 

His 

Gly 

Lell 
245 

Glu 

Wall 

Phe 

Ala 

Thir 
3.25 

Wall 

His 

Glin 

Ile 

Lys 
4 OS 

Wall 

Tyr 

Ser 

Wall 

Ile 

Lell 
70 

Gly 

Arg 

Ser 

Pro 

Pro 
150 

Glin 

Ala 

Met 

Pro 

Asp 
23 O 

Ala 

Glu 

Glin 

Thir 

Pro 
310 

Gly 

Ile 

Glu 

Wall 

Ala 
390 

Thir 

Gly 

Thir 

139 

Lell 

Glin 

Ala 
55 

Met 

Ser 

Ser 

Glu 
135 

Ala 

Pro 

Ala 

Trp 

Lys 
215 

Lell 

Wall 

Pro 

His 

Arg 
295 

Asp 

Gly 

Thir 

Asp 

Thir 
375 

Arg 

Ser 

Ala 

Asp 

Thir 

Lys 
4 O 

Ile 

Met 

Thir 

Glu 

Ala 
12 O 

Asp 

Asn 

Ala 

Ala 

Wall 

Luell 

Ala 

Phe 

Asp 

Glin 

Glin 

Ser 

Luell 

Gly 
360 

Ser 

Arg 

Glin 

Thir 

Pro 
25 

Ile 

Met 

Pro 

Gly 

Tyr 
105 

Thir 

Luell 

Ala 

Wall 

Ser 
185 

Wall 

Luell 

Gly 

His 

Asp 
265 

Thir 

Glu 

Luell 

Ala 

Gly 
345 

Thir 

Wall 

Luell 

Wall 

Ser 
425 

Asp 

Pro 

Luell 

Wall 

Luell 

Gly 
90 

Luell 

Ser 

Luell 

Asp 

Asp 
17O 

Ala 

Glin 

Ala 

Pro 
250 

Pro 

Glu 

Gly 

Pro 

Gly 
330 

Asn 

Ala 

Thir 

Ala 

Glin 

Wall 

Arg 

Asp 

Pro 

Ala 

Met 

Gly 

Arg 

Glin 

Ser 

Phe 
155 

Arg 

Ala 

Phe 

Luell 

Ala 
235 

Pro 

Asp 

Thir 

Luell 

Gly 
315 

Phe 

His 

Asp 

Asp 

Gly 
395 

Lys 

Glu 

Asp 

US 8,747,866 B2 

- Continued 

Asp 

Tyr 

Gly 
6 O 

Met 

Gly 

Wall 

Ile 
14 O 

Lell 

Pro 

Lell 

Arg 

Gly 

Asp 

Trp 

Asp 

Ser 
3 OO 

Gly 

Pro 

Arg 

Asp 

Arg 

Trp 

Glu 

Arg 

Lell 

Wall 
45 

Gly 

Ile 

Lell 

Ala 
125 

Wall 

Ala 

Lell 

Glin 

Arg 

Thir 

Lell 

Lell 

Ser 

Ala 
285 

Asp 

Pro 

Pro 

Gly 

Arg 
365 

Met 

Ser 

Wall 

Ile 

Lell 

Gly 
3O 

Met 

Thir 

Wall 

Ala 
11 O 

Phe 

Gly 

Ala 

Pro 
19 O 

Thir 

Phe 

Met 

Luell 

Trp 
27 O 

Ala 

Luell 

Asp 

Ser 
35. O 

Luell 

Ser 

Ile 

Ala 

Thir 
43 O 

Ile 

Gly 

Arg 

Met 

Wall 
95 

Gly 

Phe 

Thir 

Thir 

Pro 
17s 

Phe 

His 

Pro 

Thir 

Glin 
255 

Luell 

Gly 

Ala 

Wall 

Gly 
335 

Ala 

Pro 

Pro 

Thir 

Thir 
415 

Pro 

Ile 

Asp 

Gly 

Glin 

Met 

Pro 

Luell 

Ser 

Glin 

Arg 
160 

Ala 

Luell 

Gly 

Thir 

Ala 
24 O 

Ile 

Ser 

Ala 

Wall 

Arg 

Tyr 

Asn 

Glin 

Gly 
4 OO 

Asp 

Ser 

Pro 

140 



Phe 

Glu 
465 

Thir 

Wall 

Ala 

Gly 
5.45 

Glin 

Glu 

Thir 

Pro 

Lell 
625 

Wall 

Arg 

Ala 

Gly 

Tyr 
7 Os 

Pro 

Ala 

US 8,747,866 B2 
141 

- Continued 

435 44 O 445 

Gly His Glu Lieu Lys Thr Gly Asn Val Met Tyr Lieu. 
450 45.5 460 

Gly Ala Glu Phe Gly Ala Gly Pro His Gly Met Leu 
470 47s 

Gly Ser Gly Llys Ser Glu Phe Lieu. Arg Thr Lieu. Ile 
485 490 

Ala Met Thir His Pro Asp Glin Val Asn Lieu Lleu Lieu. 
SOO 505 

Gly Gly Ser Thr Phe Leu Gly Met Glu Lys Lieu Pro 
515 52O 525 

Wal Wall. Thir Asn Met Ala Glu Glu Ala Glu Lieu Wall 
53 O 535 54 O 

Glu Val Lieu. Thr Gly Glu Lieu. Asp Arg Arg Glin Ser 
550 555 

Ala Gly Met Llys Val Gly Ala Ala Gly Ala Lieu. Ser 
565 st O 

Tyr Glu Lys Tyr Arg Glu Arg Gly Ala Asp Lieu Pro 
58O 585 

Lieu. Phe Val Val Val Asp Glu Phe Ala Glu Lieu. Lieu. 
595 6OO 605 

Asp Phe Ile Gly Lieu. Phe Asp Arg Ile Cys Arg Val 
610 615 62O 

Arg Val His Lieu Lleu Lieu Ala Thr Glin Ser Lieu. Glin 
630 635 

Arg Ile Asp Llys Lieu. Glu Pro Asn Lieu. Thir Tyr Arg 
645 650 

Thir Thr Ser Ser His Glu Ser Lys Ala Val Ile Gly 
660 665 

Gln Tyr Ile Thr Asn Lys Glu Ser Gly Val Gly Phe 
675 68O 685 

Met Glu Asp Pro Val Lys Phe Ser Thr Phe Tyr Ile 
69 O. 695 7 OO 

Met Pro Pro Ala Ala Gly Val Glu Thir Asn Gly Glu 
71O 71s 

Gly Glin Glin Thir Thr Arg Glin Ala Ala Arg Ile His 
72 73 O 

Ala Pro Wall Lieu. Glu Glu Ala Pro Thr Pro 
740 74. 

<210s, SEQ ID NO 61 
&211s LENGTH: 591 
212. TYPE: PRT 

<213> ORGANISM: mycobacterium tuberculosis 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Protein sequence Rv3871 

<4 OOs, SEQUENCE: 61 

Met 
1. 

Glin 

Lell 

Glin 

Thir Ala Glu Pro Glu Val Arg Thr Lieu. Arg Glu Val 
5 1O 

Lieu. Gly Thr Ala Glu Ser Arg Ala Tyr Lys Met Trp 
2O 25 

Thir Asn Pro Val Pro Lieu. Asn. Glu Lieu. Ile Ala Arg 
35 4 O 45 

Pro Lieu. Arg Phe Ala Lieu. Gly Ile Met Asp Glu Pro 
SO 55 6 O 

Asp 

Ile 

Luell 

Thir 

His 

Ser 

Ile 

Gly 

Pro 
59 O 

Glin 

Gly 

Thir 

Ile 

Thir 
67 O 

Luell 

Ser 

Ala 

Arg 

Wall 

Luell 
3O 

Asp 

Arg 

Ile 

Gly 

Ser 
495 

Asp 

Thir 

Arg 

Luell 

Wall 
sts 

Luell 

Ser 

Arg 

Gly 

Ala 
655 

Pro 

Arg 

Gly 

Gly 

Phe 
73 

Luell 
15 

Pro 

Arg 

Arg 

Thir 

Luell 

Phe 

Ala 

Met 

Arg 
560 

Ala 

Pro 

His 

Ser 

Gly 
64 O 

Luell 

Glu 

Wall 

Pro 

Gly 

Thir 

Asp 

Pro 

Arg 

His 

142 



Lell 
65 

Gly 

Met 

Pro 

Arg 
145 

Phe 

Asp 

Lell 

Glu 

His 
225 

Arg 

Glu 

Gly 

Arg 

Ala 
3. OS 

Wall 

Pro 

Gly 

Asn 

Ile 
385 

Glin 

Wall 

Ala 

Arg 

Trp 
465 

Ile 

Glin 

Ile 

Wall 

His 
13 O 

Wall 

Asp 

Ile 

Gly 
21 O 

Wall 

Asp 

Thir 

Arg 

Phe 
29 O 

Gly 

Arg 

Pro 

Luell 

Pro 
37 O 

Ala 

Wall 

Pro 

Ser 

Luell 
450 

Trp 

Wall 

Asp 

Gly 

Met 

Ile 
115 

Wall 

Wall 

Glu 

Pro 

Ile 
195 

Glin 

Ile 

Glin 

Ala 

Asp 

Wall 

Wall 

Gly 

Arg 
355 

His 

His 

Arg 

Asp 

Luell 
435 

Pro 

Ser 

Gly 

Wall 

Gly 

Ser 

Asp 

Gly 

Ala 

His 

Ser 
18O 

Asp 

Wall 

Ile 

Luell 

Ile 
26 O 

Wall 

Gly 

Thir 

Luell 

Pro 
34 O 

Glu 

Luell 

Ala 

Phe 

Thir 

Asp 

Pro 

Gly 

Ala 

Trp 

Ala 
85 

Ala 

Lell 

Gly 

Glu 

Arg 
1.65 

Glin 

Gly 

Glin 

Ser 

Gly 
245 

Asp 

Ser 

Wall 

Glin 

Pro 
3.25 

Glu 

Thir 

Lell 

Ile 

Met 
4 OS 

His 

Glu 

Thir 

Phe 

Ala 

Gly 
70 

Pro 

Ala 

Gly 

Wall 

Met 
150 

Wall 

Pro 

Trp 

Asp 

Thir 
23 O 

Thir 

Arg 

Met 

His 

Ile 
310 

Glu 

Ser 

Asp 

Ile 

Ala 
390 

Lell 

Lell 

Ala 

Asp 

Asp 
470 

Gly 

143 

Wall 

Wall 

Pro 

Lell 
215 

Pro 

Ile 

Glu 

Ser 
295 

Ala 

Arg 

Asp 

Lell 

Phe 
375 

Arg 

Ala 

Lell 

Wall 

Lell 
45.5 

Wall 

Gly 

Asp 

Thir 

Thir 

Gly 
12 O 

Asn 

Ala 

Ser 

Ala 

Gly 

Ala 

Arg 

Ile 

Thir 

Lys 

Ala 

Ser 

Ile 

Thir 
360 

Gly 

Ala 

Asp 

Gly 

Glin 
44 O 

Thir 

Wall 

Met 

Wall 

Gly 

His 
105 

Gly 

Arg 

Wall 

Ile 

Ser 
185 

Phe 

Ala 

Trp 

Glu 

Arg 
265 

His 

Asp 

Glin 

His 

Arg 
345 

Pro 

Ala 

Ile 

Ala 
425 

Ala 

Thir 

Luell 

Pro 

Ser 

Lys 
90 

Ser 

Luell 

Ser 

Met 

Gly 
17O 

Asp 

Wall 

Glin 

Thir 

Phe 
250 

Glu 

His 

Asn 

His 

Luell 
330 

Thir 

Ala 

Ala 

Arg 

Gly 

Luell 

Ala 

Luell 

Pro 

Gly 

Ser 

Pro 

Ile 

Glu 

Arg 
155 

Met 

Pro 

Gly 

Gly 

Glu 
235 

Arg 

Ile 

Luell 

Luell 

Thir 
315 

His 

Arg 

His 

Lys 

Ala 
395 

Ser 

Ala 

Ala 

Glin 

Wall 
47s 

Met 

US 8,747,866 B2 

- Continued 

Ala 

Thir 

Arg 

Pro 
14 O 

Glin 

Glu 

Lell 

Lell 

Lell 

Pro 

Met 

Wall 
3 OO 

Glu 

Glu 

Trp 

Ser 

Arg 

Gly 

Ile 

Wall 

Lell 
460 

Asp 

Ala 

Gly Gly Asn 

Lell 

Asn 

Lell 
125 

Asp 

Arg 

Arg 

Gly 

Phe 

Ala 

Gly 

Ala 

Ile 
285 

Glu 

Glin 

Lell 

Glu 

His 
365 

Gly 

Asn 

Lell 

Asn 

Asn 
445 

Arg 

Asp 

Pro 

Luell 

Wall 
11 O 

Glu 

Glu 

Glin 

Asp 
19 O 

Pro 

Phe 

Ser 

Asp 

Asn 
27 O 

Gly 

Ala 

Ala 

Asp 

Ile 
35. O 

Met 

Ser 

Luell 

Arg 
43 O 

Luell 

Ser 

Trp 

Luell 

Glin 
95 

Glin 

Asn 

Wall 

Thir 

Luell 
17s 

Wall 

Asp 

Gly 

Arg 

Wall 
255 

Arg 

Wall 

Ile 

Pro 

Pro 
335 

Pro 

His 

Thir 

Pro 

Asp 
415 

Asn 

Arg 

His 

Ala 

Ile 

Thir 

Phe 

Luell 

Asn 

Thir 
160 

Arg 

Phe 

Luell 

Wall 

Wall 
24 O 

Asn 

Pro 

Pro 

Thir 

Pro 

Asn 

Ile 

Thir 

Thir 

Glin 
4 OO 

Ala 

Ser 

Ser 

Met 
48O 

Pro 

144 



Lell 

Glin 

Ala 

Glu 
5.45 

Ala 

Ile 

145 

485 490 

Lieu Pro Ala Ala Ala Asp Ile Gly Lieu. His 
SOO 505 

Met Ser Glin Ala Tyr Lys Ala Thr Met Asp 
515 52O 

Phe Gly Ser Gly Ala Pro Thr Met Phe Leu 
53 O 535 

Phe Pro Ser Ser Glu Phe Llys Val Lys Arg 
550 555 

Phe Lieu Val Ser Pro Asp Gly Lys Glu Val 
565 st O 

Glu Pro Pro Glu Glu Wall Phe Ala Ala Pro 
58O 585 

<210s, SEQ ID NO 62 
&211s LENGTH: 99 
212. TYPE: PRT 

<213> ORGANISM: Mycobacterium tuberculosis 
22 Os. FEATURE: 

<4 OOs, SEQUENCE: 62 

Met 
1. 

Wall 

Thir 

Glin 

Asn 
65 

Asp 

Phe 

Glu Lys Met Ser His Asp Pro Ile Ala Ala 
5 1O 

Ser Asp Asn Ala Lieu. His Gly Val Thir Ala 
2O 25 

Ser Val Thr Gly Lieu Val Pro Ala Gly Ala 
35 4 O 

Ala Ala Thr Ala Phe Thr Ser Glu Gly Ile 
SO 55 

Ala Ser Ala Glin Asp Gln Lieu. His Arg Ala 
70 7s 

Val Ala Arg Thr Tyr Ser Glin Ile Asp Asp 
85 90 

Ala Glu 

<210s, SEQ ID NO 63 
&211s LENGTH: 368 
212. TYPE: PRT 

<213> ORGANISM: Mycobacterium tuberculosis 
22 Os. FEATURE: 
223 OTHER INFORMATION: Rv3873-PPE68 - PPE 

<4 OOs, SEQUENCE: 63 

Met 
1. 

Ala 

Thir 

Lell 

Lell 
65 

Glin 

Thir 

Leu Trp His Ala Met Pro Pro Glu Lieu. Asn 
5 1O 

Gly Ala Gly Pro Ala Pro Met Lieu Ala Ala 
2O 25 

Lieu. Ser Ala Ala Lieu. Asp Ala Glin Ala Val 
35 4 O 

Asn Ser Lieu. Gly Glu Ala Trp Thr Gly Gly 
SO 55 

Ala Ala Ala Thr Pro Met Val Val Trp Leu 
70 7s 

Ala Lys Thir Arg Ala Met Glin Ala Thir Ala 
85 90 

Glin Ala Met Ala Thir Thr Pro Ser Lieu. Pro 
1OO 105 

US 8,747,866 B2 

- Continued 

Ile 

Ser 
54 O 

Arg 

Ile 

Pro 

Asp 

Gly 

Asp 

Glin 
6 O 

Gly 

Gly 

Ile Wall 
51O 

Phe Wall 
525 

Gly Glu 

Pro Pro 

Glin Ala 

Ser Ala 
59 O 

Ile Gly 

Ser Thr 
3O 

Glu Wall 
45 

Lieu. Luell 

Glu Ala 

Ala Ala 

495 

Thir 

Gly 

Lys 

Gly 

Pro 
sts 

Gly 

Thir 
15 

Ala 

Ser 

Ala 

Wall 

Gly 
95 

family protein 

Thir 

Glu 

Ala Arg 

Ala Gly 
3O 

Lieu. Thir 
45 

Ser Asp 

Thir Ala 

Ala Ala 

Ile Ala 
11 O 

Luell 
15 

Trp 

Ala 

Ser 

Ala 
95 

Ala 

Ala 

Glin 

Glin 
560 

Tyr 

OTHER INFORMATION: Rv3872- PE35 - PE family-related protein 

Glin 

Luell 

Ala 

Ser 

Glin 

Wall 

Met 

Glin 

Arg 

Ala 

Thir 

Tyr 

Asn 

146 



His 

Thir 

Asn 
145 

Asn 

Gly 

Gly 

Lell 

Pro 
225 

Gly 

Thir 

Ala 

Ser 

Ala 
3. OS 

Gly 

Gly 

Glu 

Ile 

Ile 
13 O 

Glin 

Thir 

Ala 

Ser 

Gly 
21 O 

Luell 

Gly 

Ser 

Gly 

Luell 
29 O 

Pro 

Ala 

Gly 

Arg 

Thir 
115 

Pro 

Ala 

Luell 

Ser 

Ser 
195 

Glin 

Glin 

Asn 

Pro 

Ala 

Thir 

Ser 

Ala 

Ser 

Glu 
355 

CFP10 

Glin 

Ile 

Ala 

Phe 

Glin 
18O 

Thir 

Luell 

Glin 

Pro 

Luell 
26 O 

Gly 

Arg 

Wall 

Pro 

Thir 
34 O 

Glu 

PRT 

SEQUENCE: 

Met Ala Glu Met 
1. 

Asn 

Glu 

Thir 

Glin 
65 

Wall 

Glin 

Phe 

Ser 

Ala 
SO 

Glin 

Met 

Glu 

Thir 
35 

Ala 

Glin 

Tyr 

Gly 

Arg 

Ala 

Glin 

Glu 

Ser 

Phe 
1OO 

Ala 

Ala 

Lell 

Glu 
1.65 

Ser 

Pro 

Gly 

Wall 

Ala 
245 

Ser 

Lell 

Thir 

Met 

Wall 
3.25 

Asp 

SEQ ID NO 64 
LENGTH: 
TYPE : 

ORGANISM: Mycobacterium tuberculosis 
FEATURE: 

OTHER INFORMATION: Rv3874 - esxB - 10kDa culture filtrate antigen 

64 

Lys 
5 

Ile 

Gly 

Ala 

Lell 

Arg 
85 

Wall 

Lell 

Ala 
150 

Thir 

Wall 

Glu 

Thir 
23 O 

Asp 

Asn 

Lell 

Pro 

Pro 
310 

Gly 

Pro 

Asp 

Thir 

Ser 

Ser 

Ala 

Asp 
70 

Ala 

147 

Lell 

Thir 
135 

Met 

Lell 

Thir 

Gly 

Met 
215 

Ser 

Glu 

His 

Arg 

Lell 
295 

Ala 

Ala 

Gly 

Glu 

Asp 

Gly 

Lell 

Wall 
55 

Glu 

Asp 

Thir 
12 O 

Glu 

Glu 

Glu 

Asn 

Glin 

Ser 

Luell 

Glu 

Pro 

Ala 

Met 

Ala 

Gly 

Luell 

Asp 
360 

Ala 

Asp 

Glin 
4 O 

Wall 

Ile 

Glu 

Ala 

Met 

Wall 

Pro 

Pro 
185 

Luell 

Gly 

Phe 

Ala 

Luell 
265 

Glu 

Ser 

Ala 

Ala 

Wall 
345 

Asp 

Ala 

Luell 
25 

Gly 

Arg 

Ser 

Glu 

Thir 

Asp 

Tyr 

Met 

Ile 

Pro 

Pro 

Ser 

Ala 
250 

Ala 

Ser 

Glin 

Ala 

Met 
330 

Ala 

Trp 

Thir 

Lys 

Glin 

Phe 

Thir 

Glin 
90 

ASn 

Tyr 

Glin 
155 

Ala 

Phe 

Pro 

Met 

Glin 
235 

Glin 

Gly 

Luell 

Luell 

Gly 
315 

Gly 

Pro 

Asp 

Luell 

Thir 

Trp 

Glin 

ASn 

Glin 

US 8,747,866 B2 

- Continued 

Phe 

Phe 
14 O 

Ala 

Ser 

Gly 

Ala 

Glin 

Wall 

Met 

Gly 

Pro 

Ile 
3 OO 

Ser 

Glin 

Ala 

Glu 

Ala 

Glin 

Arg 

Glu 
6 O 

Ile 

Glin 

Phe 
125 

Ile 

Glu 

Ile 

Met 

Ala 

Glin 

Gly 

Gly 

Ser 

Gly 
285 

Glu 

Ser 

Gly 

Pro 

Glu 
365 

Glin 

Ile 

Gly 
45 

Ala 

Arg 

Ala 

Gly 

Arg 

Thir 

Luell 

Pro 
19 O 

Thir 

Luell 

Gly 

Luell 

Gly 
27 O 

Ala 

Ala 

Ala 

Luell 
35. O 

Asp 

Glu 

Asp 

Ala 

Ala 

Glin 

Luell 

Ile 

Met 

Ala 

Asp 
17s 

Ser 

Glin 

Thir 

Thir 

Luell 
255 

Pro 

Gly 

Pro 

Thir 

Glin 
335 

Ala 

Asp 

Ala 
15 

Glin 

Ala 

Asn 

Ala 

Ser 
95 

Asn 

Trp 

Wall 
160 

Pro 

Pro 

Thir 

Glin 

Gly 
24 O 

Gly 

Ser 

Gly 

Wall 

Gly 
32O 

Ser 

Glin 

Trp 

Gly 

Wall 

Gly 

Gly 
8O 

Ser 

148 



US 8,747,866 B2 
149 150 

- Continued 

<210s, SEQ ID NO 65 
&211s LENGTH: 95 
212. TYPE: PRT 

<213> ORGANISM: Mycobacterium tuberculosis 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Rv3875-Esat 6 - 6 kDa early secretory antigenic 
target Esat 6 (Esat - 6 

<4 OOs, SEQUENCE: 65 

Met Thr Glu Glin Glin Trp Asn. Phe Ala Gly Ile Glu Ala Ala Ala Ser 
1. 5 1O 15 

Ala Ile Glin Gly Asn Val Thir Ser Ile His Ser Lieu. Lieu. Asp Glu Gly 
2O 25 3O 

Lys Glin Ser Lieu. Thir Lys Lieu Ala Ala Ala Trp Gly Gly Ser Gly Ser 
35 4 O 45 

Glu Ala Tyr Glin Gly Val Glin Glin Llys Trp Asp Ala Thr Ala Thr Glu 
SO 55 6 O 

Lieu. Asn. Asn Ala Lieu. Glin Asn Lieu Ala Arg Thir Ile Ser Glu Ala Gly 
65 70 7s 8O 

Glin Ala Met Ala Ser Thr Glu Gly Asn Val Thr Gly Met Phe Ala 
85 90 95 

<210s, SEQ ID NO 66 
&211s LENGTH: 666 
212. TYPE: PRT 

<213> ORGANISM: mycobacterium tuberculosis 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Protein sequence Rv3876 

<4 OOs, SEQUENCE: 66 

Met Ala Ala Asp Tyr Asp Llys Lieu. Phe Arg Pro His Glu Gly Met Glu 
1. 5 1O 15 

Ala Pro Asp Asp Met Ala Ala Glin Pro Phe Phe Asp Pro Ser Ala Ser 
2O 25 3O 

Phe Pro Pro Ala Pro Ala Ser Ala Asn Lieu Pro Llys Pro Asn Gly Glin 
35 4 O 45 

Thr Pro Pro Pro Thr Ser Asp Asp Leu Ser Glu Arg Phe Val Ser Ala 
SO 55 6 O 

Pro Pro Pro Pro Pro Pro Pro Pro Pro Pro Pro Pro Pro Thr Pro Met 
65 70 7s 8O 

Pro Ile Ala Ala Gly Glu Pro Pro Ser Pro Glu Pro Ala Ala Ser Lys 
85 90 95 

Pro Pro Thr Pro Pro Met Pro Ile Ala Gly Pro Glu Pro Ala Pro Pro 
1OO 105 11 O 

Llys Pro Pro Thr Pro Pro Met Pro Ile Ala Gly Pro Glu Pro Ala Pro 
115 12 O 125 

Pro Llys Pro Pro Thr Pro Pro Met Pro Ile Ala Gly Pro Ala Pro Thr 
13 O 135 14 O 

Pro Thr Glu Ser Gln Leu Ala Pro Pro Arg Pro Pro Thr Pro Gln Thr 
145 150 155 160 

Pro Thr Gly Ala Pro Glin Gln Pro Glu Ser Pro Ala Pro His Val Pro 
1.65 17O 17s 

Ser His Gly Pro His Gln Pro Arg Arg Thr Ala Pro Ala Pro Pro Trp 
18O 185 19 O 

Ala Lys Met Pro Ile Gly Glu Pro Pro Pro Ala Pro Ser Arg Pro Ser 
195 2OO 2O5 

Ala Ser Pro Ala Glu Pro Pro Thr Arg Pro Ala Pro Gln His Ser Arg 
21 O 215 22O 



Arg 
225 

Gly 

Glu 

Pro 

Pro 

Arg 
3. OS 

Ala 

Ala 

Ala 

Wall 
385 

Lell 

Ile 

Wall 
465 

Glu 

Wall 

Ala 

Phe 

Lell 
5.45 

Ser 

Lell 

Ile 

Wall 

Pro 
625 

Ala 

Ala 

Luell 

Thir 
29 O 

Ala 

Glin 

Arg 

Ala 

Thir 
37 O 

His 

Glu 

Glin 

Thir 

Luell 
450 

Gly 

Luell 

Asn 

Luell 

Tyr 
53 O 

Thir 

Wall 

Arg 

Asn 

Arg 
610 

Trp 

Arg 

Wall 

Ser 

Gly 

Glu 

Glu 

Pro 

Ala 

Lys 
355 

Ala 

Luell 

Ile 

Ala 
435 

Ala 

Arg 

Ser 

Luell 

Ser 
515 

Asn 

Arg 

Ser 

Asn 

His 
595 

His 

Asp 

Arg 

Ala 

Gly 
26 O 

Glin 

Pro 

Arg 

Asp 

Ala 
34 O 

Gly 

Pro 

Luell 

Asp 

Ala 

Ala 

Luell 

Glin 

His 

Glu 
SOO 

Asp 

Luell 

Gly 

Ile 

Asn 

Ile 

Phe 

Arg 

Gly 

Thir 
245 

Ala 

Pro 

Pro 

Arg 

Ser 
3.25 

Pro 

Pro 

Pro 

Thir 

Lell 
4 OS 

Wall 

Lell 

Asp 

Ser 

Tyr 
485 

Wall 

Ala 

Wall 

Wall 

Asp 
565 

Gly 

Met 

Glu 

His 

His 
23 O 

Gly 

Glin 

Arg 

Pro 

Wall 
310 

Ile 

Asp 

Arg 
390 

His 

Wall 

Gly 

Ala 

Gly 
470 

Asn 

Lell 

Asp 

Lell 

Lell 
550 

Gly 

Tyr 

Pro 

Glin 

Ile 
630 

151 

Arg 

Pro 

Lell 

Ser 

Ser 
295 

His 

Thir 

Lell 

Wall 

Wall 
375 

Ile 

Ala 

Gly 

Ser 

Asp 
45.5 

Ala 

Asp 

Pro 

Trp 

Ala 
535 

Ser 

Ala 

Glin 

Gly 

Glin 
615 

Ala 

Ser 

Ala 

Tyr 

Pro 

Pro 

Ala 

Asp 

Lys 
360 

Wall 

Asn 

Arg 

Lieu 

Thir 
44 O 

Pro 

Thir 

Ile 

Ala 

His 

Asp 

Thir 

Glin 

Asp 

Glu 

Wall 

Ala 

Arg 

Ile 

Pro 
265 

Luell 

Ser 

Asp 

Ala 

Ala 
345 

Ser 

Luell 

Wall 

Lys 
425 

Luell 

Gly 

Ile 

Arg 

Pro 
505 

Phe 

Wall 

Glin 

Luell 
585 

Pro 

Glin 

Gly 

Thir 

Glin 
250 

Gly 

Ala 

Pro 

Luell 

Thir 
330 

Thir 

Wall 

Ser 

Ala 
st O 

Ala 

Asn 

Pro 

Thir 

Asp 
235 

Ala 

Thir 

Pro 

Glin 

Ala 
315 

Thir 

Glin 

Arg 

Luell 
395 

Arg 

Gly 

Glin 

Gly 

Asp 

His 

Ala 

Ala 

Gly 
555 

Ser 

Ser 

Wall 

Gly 

Glu 
635 

US 8,747,866 B2 

- Continued 

Thir 

Arg 

Glu 

Pro 

Arg 
3 OO 

Ala 

Gly 

Pro 

Gly 

Ser 

Asn 

Ala 

Wall 

Asn 
460 

Wall 

Thir 

Ser 

Asp 

Gly 
54 O 

Wall 

Wall 

Arg 

Ala 

Arg 

Ile 

Glu Arg Asn 

Lell 

Pro 

Thir 
285 

Asn 

Glin 

Gly 

Ser 

Glin 
365 

Trp 

Pro 

Pro 

Gly 

Arg 
445 

Lell 

Lell 

Ser 

Ser 

Pro 
525 

Phe 

Wall 

Ala 

Ala 

Wall 
605 

Wall 

Ser 

Arg 

Ser 
27 O 

Arg 

Ser 

His 

Arg 

Luell 
35. O 

Arg 

Asp 

Arg 

Lys 
43 O 

Ala 

Ala 

Ala 

Wall 

Ala 

Ala 

Phe 

Wall 

Luell 

Cys 
59 O 

Wall 

Luell 

Ala 
255 

Pro 

Pro 

Gly 

Ala 

Arg 
335 

Arg 

Pro 

His 

Glu 

Gly 
415 

Thir 

Asp 

Asp 

Glu 

Asn 
495 

Glin 

Ser 

Asp 

Wall 

Asp 
sts 

Wall 

Asp 

Wall 

Asp 

Wall 
24 O 

Glu 

Ala 

Ala 

Arg 

Ala 

Arg 

Pro 

Trp 

Lys 
4 OO 

Ser 

Thir 

Arg 

Arg 

Lys 

Ala 

Arg 

Arg 

Pro 

Ala 
560 

Trp 

Wall 

Luell 

Met 

Luell 
64 O 

152 



US 8,747,866 B2 
153 154 

- Continued 

Lieu. Asp Pro Ile Tyr Lys Arg Llys Val Lieu. Glu Lieu Ala Ala Ala Lieu. 
645 650 655 

Ser Asp Asp Phe Glu Arg Ala Gly Arg Arg 
660 665 

<210s, SEQ ID NO 67 
&211s LENGTH: 511 
212. TYPE: PRT 

<213> ORGANISM: mycobacterium tuberculosis 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Protein sequence Rv3877 

<4 OO > SEQUENCE: 67 

Met Ser Ala Pro Ala Val Ala Ala Gly Pro Thr Ala Ala Gly Ala Thr 
1. 5 1O 15 

Ala Ala Arg Pro Ala Thir Thr Arg Val Thir Ile Lieu. Thr Gly Arg Arg 
2O 25 3O 

Met Thr Asp Leu Val Lieu Pro Ala Ala Val Pro Met Glu Thr Tyr Ile 
35 4 O 45 

Asp Asp Thr Val Ala Val Lieu. Ser Glu Val Lieu. Glu Asp Thr Pro Ala 
SO 55 6 O 

Asp Val Lieu. Gly Gly Phe Asp Phe Thir Ala Glin Gly Val Trp Ala Phe 
65 70 7s 8O 

Ala Arg Pro Gly Ser Pro Pro Lieu Lys Lieu. Asp Glin Ser Lieu. Asp Asp 
85 90 95 

Ala Gly Val Val Asp Gly Ser Lieu. Lieu. Thir Lieu Val Ser Val Ser Arg 
1OO 105 11 O 

Thr Glu Arg Tyr Arg Pro Lieu Val Glu Asp Val Ile Asp Ala Ile Ala 
115 12 O 125 

Val Lieu. Asp Glu Ser Pro Glu Phe Asp Arg Thr Ala Lieu. Asn Arg Phe 
13 O 135 14 O 

Val Gly Ala Ala Ile Pro Lieu. Lieu. Thir Ala Pro Val Ile Gly Met Ala 
145 150 155 160 

Met Arg Ala Trp Trp Glu Thr Gly Arg Ser Lieu. Trp Trp Pro Lieu Ala 
1.65 17O 17s 

Ile Gly Ile Lieu. Gly Ile Ala Val Lieu Val Gly Ser Phe Val Ala Asn 
18O 185 19 O 

Arg Phe Tyr Glin Ser Gly His Leu Ala Glu. Cys Lieu. Leu Val Thir Thr 
195 2OO 2O5 

Tyr Lieu. Lieu. Ile Ala Thr Ala Ala Ala Lieu Ala Val Pro Lieu Pro Arg 
21 O 215 22O 

Gly Val Asn. Ser Lieu. Gly Ala Pro Glin Val Ala Gly Ala Ala Thr Ala 
225 23 O 235 24 O 

Val Lieu. Phe Lieu. Thir Lieu Met Thr Arg Gly Gly Pro Arg Lys Arg His 
245 250 255 

Glu Lieu. Ala Ser Phe Ala Wall Ile Thir Ala Ile Ala Wall Ile Ala Ala 
26 O 265 27 O 

Ala Ala Ala Phe Gly Tyr Gly Tyr Glin Asp Trp Val Pro Ala Gly Gly 
27s 28O 285 

Ile Ala Phe Gly Lieu. Phe Ile Val Thr Asn Ala Ala Lys Lieu. Thr Val 
29 O 295 3 OO 

Ala Val Ala Arg Ile Ala Leu Pro Pro Ile Pro Val Pro Gly Glu Thr 
3. OS 310 315 32O 

Val Asp Asn. Glu Glu Lieu. Lieu. Asp Pro Val Ala Thr Pro Glu Ala Thr 
3.25 330 335 



Ser 

Ser 

Ile 

Ala 
385 

Gly 

Arg 

Gly 

Lell 

Gly 
465 

Lell 

Lell 

155 

Glu Glu Thr Pro Thr Trp Glin Ala Ile Ile 
34 O 345 

Ala Val Arg Lieu. Thr Glu Arg Ser Lys Lieu. 
355 360 

Gly Tyr Val Thr Ser Gly Thr Lieu. Ile Leu 
37 O 375 

Val Val Val Arg Gly His Phe Phe Val His 
390 395 

Lieu. Ile Thr Thr Val Cys Gly Phe Arg Ser 
4 OS 41O 

Trp. Cys Ala Trp Ala Lieu. Lieu Ala Ala Thr 
42O 425 

Lieu. Thir Ala Lys Lieu. Ile Ile Trp Tyr Pro 
435 44 O 

Lieu. Ser Val Tyr Lieu. Thr Val Ala Lieu Val 
450 45.5 

Ser Met Ala His Val Arg Arg Val Ser Pro 
470 47s 

Glu Lieu. Ile Asp Gly Ala Met Ile Ala Ala 
485 490 

Trp Ile Thr Gly Val Tyr Asp Thr Val Arg 
SOO 505 

<210s, SEQ ID NO 68 
&211s LENGTH: 28O 
212. TYPE: PRT 

<213> ORGANISM: Mycobacterium tuberculosis 
22 Os. FEATURE: 
223 OTHER INFORMATION: Rv3878 - conserved 

protein 

<4 OOs, SEQUENCE: 68 

Met 
1. 

Ala 

Wall 

Ser 

Lell 
65 

Ser 

Ser 

Glin 

Wall 
145 

Asn 

Ala 

Ala Glu Pro Lieu Ala Val Asp Pro Thr Gly 

Llys Lieu Ala Gly Lieu Val Phe Pro Glin Pro 
2O 25 

Ser Gly Thr Asp Ser Val Val Ala Ala Ile 
35 4 O 

Ile Glu Ser Lieu Val Ser Asp Gly Lieu Pro 
SO 55 

Thir Arg Thr Ala Ser Asn Met Asn Ala Ala 
70 7s 

Thr Asp Glin Ser Lieu. Gly. Thir Ser Leu Ser 
85 90 

Ser Gly Glu Gly Lieu Ala Gly Val Ala Ser 
1OO 105 

Glin Ala Thr Glin Leu Lleu Ser Thr Pro Wall 
115 12 O 

Lieu. Gly Glu Thir Ala Ala Glu Lieu Ala Pro 
13 O 135 

Pro Glin Lieu Val Glin Lieu Ala Pro His Ala 
150 155 

Ala Ser Pro Ile Ala Glin. Thir Ile Ser Glin 
1.65 17O 

Glin Ser Ala Glin Gly Gly Ser Gly Pro Met 
18O 185 

US 8,747,866 B2 
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Ala 

Ala 

Ala 

Ser 

Arg 

Wall 

His 

Ala 
460 

Wall 

Ile 

Asn 

hypothetical alanine rich 

Lell 

Pro 

Asn 

Gly 
6 O 

Ala 

Glin 

Wall 

Ser 

Arg 
14 O 

Wall 

Thir 

Pro 

Ser 

Lys 
365 

Ala 

Lell 

Lell 

Ala 

Tyr 
445 

Lell 

Wall 

Ile 

Ile 

Ser 

Ala 

Glu 
45 

Wall 

Asp 

Tyr 

Gly 

Glin 
125 

Wall 

Glin 

Ala 

Ala 

Wall 
35. O 

Glin 

Gly 

Wall 

Tyr 

Ile 
43 O 

Ala 

Wall 

Pro 

Arg 
51O 

Ala 

Pro 
3O 

Thir 

Wall 

Ala 

Gly 
11 O 

Wall 

Wall 

Met 

Glin 

Glin 
19 O 

Pro 

Luell 

Ala 

Wall 

Ala 
415 

Pro 

Trp 

Wall 

Arg 

Met 
495 

Phe 

Ala 
15 

Ile 

Met 

Ala 

Phe 
95 

Glin 

Thir 

Ala 

Ser 

Glin 
17s 

Luell 

Ala 

Luell 

Ile 

Ala 
4 OO 

Glu 

Thir 

Luell 

Wall 

Thir 

Luell 

Ala 

Ala 

Pro 

Ala 

Ala 

Gly 

Pro 

Thir 

Thir 

Glin 
160 

Ala 

Ala 

156 
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- Continued 

Ser Ala Glu Lys Pro Ala Thr Glu Glin Ala Glu Pro 
195 2OO 

Thir Asn Asp Asp Glin Gly Asp Glin Gly Asp Val Glin 
21 O 215 22O 

Val Ala Ala Ala Arg Asp Glu Gly Ala Gly Ala Ser 
225 23 O 235 

Pro Gly Gly Gly Val Pro Ala Glin Ala Met Asp Thr 
245 250 

Arg Pro Ala Ala Ser Pro Lieu Ala Ala Pro Val Asp 
26 O 265 

Ala Pro Ser Thir Thir Thir Thir Lieu. 

SEO ID NO 69 
LENGTH: 729 
TYPE PRT 

ORGANISM: Mycobacterium tuberculosis 
FEATURE: 

OTHER INFORMATION: Rv3879c - hypothetical 
protein 

SEQUENCE: 69 

Met Ser Ile Thr Arg Pro Thr Gly Ser Tyr Ala Arg 
1. 

Pro Gly Gly Trp Val Glu Ala Asp Glu Asp Thr Phe 
2O 25 

Glin Glu Tyr Ser Glin Val Lieu. Glin Arg Val Thr Asp 
35 4 O 

Cys Arg Glin Gln Lys Gly His Val Phe Glu Gly Gly 
SO 55 6 O 

Gly Ala Ala Asn Ala Ala Asn Gly Ala Lieu. Gly Ala 
65 

Lieu Met Thr Lieu. Glin Asp Tyr Lieu Ala Thr Val Ile 
85 90 

His Ile Ala Gly Lieu. Ile Glu Glin Ala Lys Ser Asp 
1OO 105 

Val Asp Gly Ala Glin Arg Glu Ile Asp Ile Lieu. Glu 
115 12 O 

Lieu. Asp Ala Asp Glu Arg His Thr Ala Ile Asn. Ser 
13 O 135 14 O 

Thr His Gly Ala Asn Val Ser Leu Val Ala Glu Thr 
145 150 155 

Lieu. Glu Ser Lys Asn Trp Llys Pro Pro Lys Asn Ala 
1.65 17O 

Lieu. Glin Gln Lys Ser Pro Pro Pro Pro Asp Val Pro 
18O 185 

Pro Ser Pro Gly Thr Pro Gly Thr Pro Gly Thr Pro 
195 2OO 

Thr Pro Ile Thr Pro Gly Thr Pro Ile Thr Pro Ile 
21 O 215 22O 

Val Thr Pro Ile Thr Pro Thr Pro Gly Thr Pro Val 
225 23 O 235 

Pro Gly Llys Pro Val Thr Pro Val Thr Pro Val Lys 
245 250 

Gly Glu Pro Thr Pro Ile Thr Pro Val Thr Pro Pro 
26 O 265 

Wal His 
2O5 

Pro Ala 

Pro Gly 

Gly Ala 

Pro Ser 
27 O 

alanine 

Gln Met 

Wall Lieu. 
45 

Lieu. Trp 

ASn Ile 

Thir Trp 

Ile Gly 
11 O 

Asn Asp 
125 

Lieu Wall 

Ala Glu 

Lieu. Glu 

Thir Lieu. 
19 O 

Ile Thr 

Pro Gly 

Thir Pro 

Pro Gly 

Wall Ala 
27 O 

Glu 

Glu 

Glin 

Gly 
255 

Thir 

and 

Luell 
15 

Arg 

Asp 

Ser 

Asn 

His 
95 

Asn 

Pro 

Thir 

Arg 

Asp 
17s 

Wall 

Pro 

Ala 

Wall 

Thir 
255 

Pro 

Wall 

Wall 

Glin 
24 O 

Ala 

Pro 

proline rich 

Asp 

Ala 

Thir 

Gly 

Glin 

Arg 

Asn 

Ser 

Ala 

Wall 
160 

Luell 

Wall 

Gly 

Pro 

Thir 
24 O 

Pro 

Ala 

158 



Thir 

Pro 

Thir 
3. OS 

Gly 

Pro 

Ala 

Gly 

Wall 
385 

Ala 

Pro 

Glu 

Ala 
465 

Arg 

Lell 

Thir 

Lell 

Ala 
5.45 

Thir 

Thir 

Pro 

Gly 

Ala 
625 

Pro 

Lell 

Glu 

Glu 

Pro 

Glin 
29 O 

Pro 

Gly 

Gly 

His 

Wall 
37 O 

Gly 

Gly 

Ala 

Ala 

Ser 
450 

Arg 

Gly 

Asn 

Ala 

Ala 
53 O 

Ser 

Luell 

Gly 

Lys 
610 

Ala 

Pro 

Trp 

Ala 

Ile 
69 O. 

Ala 

Pro 

Ala 

Glu 

Wall 

Ala 
355 

Pro 

Ala 

Ser 

Ala 

Arg 
435 

Ala 

Ala 

Arg 

Ala 

Wall 
515 

Ala 

Pro 

Arg 

Wall 
595 

Met 

Glin 

Ala 

Phe 

Ala 
675 

Ala 

Thir 

Ala 

Thir 

Pro 

Pro 
34 O 

Asp 

Gly 

Gly 

His 

Ala 

Pro 

Asp 

Ala 

Gly 

Ser 
SOO 

Thir 

Ile 

Asp 

Wall 

Ala 

Ala 

Thir 

Luell 

Pro 

Glu 
660 

His 

Luell 

Pro 

Pro 

Pro 

Pro 

Asp 

Arg 

Asp 
485 

Asp 

Thir 

Pro 

His 

Lell 
565 

Wall 

Gly 

Ala 

Wall 
645 

Lell 

Lell 

His 

Ala 

Ala 

Gly 
310 

Pro 

Glin 

Ser 

Arg 

Arg 
390 

Ala 

Ser 

Ser 

Gly 

Asp 
470 

Ala 

Asn 

Asp 

Asp 

Ala 
550 

Ala 

Ile 

Ile 

Arg 

Asp 
630 

Asp 

Met 

Arg 

Glin 

159 

Thir 

Pro 
295 

Pro 

His 

His 

Ala 

Ala 
375 

Ser 

Thir 

Thir 

Thir 

Thir 
45.5 

Ala 

Lell 

Asn 

Gly 

Gly 
535 

Ile 

Wall 

Gly 

Wall 

Ser 
615 

Thir 

Wall 

Ala 

Ala 
695 

Pro 
28O 

Ala 

Ser 

Wall 

Ala 

Ala 
360 

Ala 

Ser 

Gly 

Arg 

Asp 
44 O 

Pro 

Ala 

Arg 

Ala 

Ser 

Met 

Pro 

Glin 

Thir 

Luell 

Arg 

Thir 

Asn 

Pro 

Phe 
68O 

His 

Wall 

Pro 

Gly 

Gly 
345 

Ser 

Ala 

Wall 

Arg 

Ala 
425 

His 

Wall 

Thir 

Luell 

Gly 
505 

Ile 

Glu 

Wall 

Ala 

Ala 
585 

Glu 

Luell 

Asp 

Pro 

Met 
665 

Arg 

Thir 

Thir 

Ser 

Pro 

Pro 
330 

Gly 

Wall 

Ala 

Gly 

Ala 

Ala 

Ile 

Ser 

Ala 

Ala 
490 

Asp 

Wall 

Luell 

Asp 

Trp 
st O 

Glu 

Pro 

Glu 

Glin 

Pro 
650 

Thir 

Ala 

Ala 

Pro 

Pro 

Ala 
315 

Ala 

Gly 

Thir 

Ala 

Thir 
395 

Pro 

Ser 

Asp 

Met 

Ala 

Arg 

Wall 

Pro 

Glu 
555 

Ala 

Glin 

Asp 

Wall 

Arg 
635 

Gly 

Ser 

Tyr 

Thir 

US 8,747,866 B2 

- Continued 

Ala 

Gly 
3 OO 

Thir 

Ala 

Thir 

Pro 

Pro 

Ala 

Wall 

Ala 

Ile 
460 

Ala 

Arg 

Gly 

Ala 

Asn 
54 O 

Ile 

Ala 

Lell 

Asp 

Wall 

Lell 

Asp 

Thir 

Ala 

Asp 
7 OO 

Pro 
285 

Pro 

Pro 

Lell 

Glin 

Ala 
365 

Ser 

Ala 

Ala 

Arg 

Pro 
445 

Pro 

Ser 

Ile 

Phe 

Asn 
525 

Ala 

Phe 

Ala 

Ile 
605 

Asp 

Lell 

Glu 

Ala 

Ala 
685 

Ala 

Ala 

Glin 

Gly 

Ala 

Ser 
35. O 

Ala 

Gly 

Ala 

Thir 

Thir 
43 O 

Asp 

Wall 

Ala 

Ala 

Phe 

Ser 

Wall 

Arg 

His 

Ser 
59 O 

Pro 

Pro 

Asp 

Arg 

Thir 
67 O 

His 

Ala 

Pro 

Pro 

Thir 

Glu 
335 

Gly 

Ala 

Thir 

Ser 

Ser 
415 

Ala 

Arg 

Ser 

Arg 

Ala 
495 

Trp 

Asp 
sts 

Ser 

Glu 

Ser 

Luell 

His 
655 

Gly 

Ser 

Wall 

His 

Wall 

Pro 

Glin 

Pro 

Ser 

Ala 

Gly 
4 OO 

Asp 

Pro 

Ser 

Ala 

Glin 

Ala 

Ile 

Gly 

Luell 

Ala 
560 

Met 

Asp 

Ser 

Ala 

Luell 
64 O 

Met 

Arg 

Glin 

Glin 

160 
























